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ALEKSEI  ALEKSANDROVICH  VANSHEIDT 


January  8,  1958  marked  the  70th  birthday  and  the  completion  of  50  years  of  scientific  and  teaching  ac¬ 
tivity  of  Doctor  of  Chemical  Sciences,  Professor  Aleksei  Aleksandrovich  Vansheidt,  one  of  the  most  eminent 
Soviet  scientists  in  the  fields  of  organic  and  polymer  chemistry. 

A.  A.  Vansheidt  was  born  in  Batumi  in  1888.  He  received  his  higher  education  in  the  University  of  Peter - 
burg,  where  he  graduated  in  1910  in  the  Faculty  of  Chemistry;  he  was  a  pupil  of  Academician  A.E.  Favorskii 
and  of  Professor  of  the  University  of  Strassburg  J.  Thiele.  Up  to  1930  Vansheidt  worked  as  Assistant  Professor  in 
the  First  Leningrad  Medical  Institute,  where  he  performed  a  series  of  researches  in  the  field  of  naphtho  deriva¬ 
tives  of  fluorene,  which  led  to  the  discovery  of  new  relationships  between  structure  and  color,  and  to  the  dis¬ 
covery  of  new  reactions,  including  the  autooxidadon  of  fluorene  derivatives.  For  this  work  Vansheidt  was 
awarded  the  prize  "For  Best  Research  in  Chemistry"  by  the  Committee  of  Chemical  Industry  of  the  USSR  in  1930. 
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Since  1931  Vansheldt  has  been  Professor  of  the  Chair  of  I’lastics  Technology  of  the  l.ensovlet  Technological 
Institute,  Leningrad.  Here  he  is  presenting  a  course  of  polymer  chemistry  which  he  was  tlie  first  to  give  in  the 
Soviet  Union.  Between  1930  and  1941  he  also  worked  in  the  State  Institute  of  High  Pressures  and  in  the  Plastics 
Institute. 

Since  1949,  while  continuing  his  work  in  the  Lensovlet  Technological  Institute,  Leningrad,  he  has  been 
the  head  of  the  laboratory  of  polycondensation  processes  in  the  Institute  of  High  Polymers  (IVS)  of  the  Academy 
of  Sciences  USSR. 

Prominent  among  his  work  over  many  years  are  his  classic  researches  into  the  mechanism  of  formation 
and  the  structure  of  phenol -aldehyde  resins. 

The  process  developed  by  him  jointly  with  E.M.  Kaganova  in  the  State  Institute  of  High  Pressures  for  the 
production  of  ethyl  alcohol  by  direct  hydration  of  ethylene  without  expenditure  of  sulfuric  acid  Is  of  great  eco¬ 
nomic  Importance,  The  Industrial  adoption  of  this  method  had  a  significant  economic  effect  and  made  It  pos¬ 
sible  to  release  large  amounts  of  grain  for  direct  use.  Vansheldt  and  Kaganova,  and  the  workers  of  the  Industry 
who  took  part  In  the  development  of  the  process,  were  awarded  a  First-Class  Stalin  Prize  for  this  work  In  1952. 
Vansheldt's  work  In  the  field  of  urea  -  and  melamine -formaldehyde  resins  led  to  tlie  development  of  a  very  ef¬ 
ficient  technological  process  for  the  production  of  amino  plastics,  which  has  been  utilized  in  our  industry  for 
many  years. 

During  recent  years  Vansheldt,  In  his  work  In  the  IVS  of  the  Academy  of  Sciences  USSR,  has  prepared  a 
number  of  high-quality  ion  exchangers;  as  the  result  of  joint  work  with  Prof.  S.E.  Bresler  and  G.V,  Samsonov, 
these  resins  have  been  adopted  In  the  antibiotics  Industry  and  are  used  with  great  success  for  the  Isolation  and 
purification  of  streptomycin  and  other  substances.  Among  other  work  carried  out  by  Vansheldt  at  different  stages 
of  his  activity, mention  must  be  made  of  his  research  Into  methods  of  synthesis  and  polymerization  of  styrene, 
polymerization  of  vinyl  formate,  kinetics  and  mechanism  of  polymerization  and  copolymerization  processes, 
synthesis  of  unsaturated  polyesters.  Improvement  of  the  heat  and  light  resistance  of  polyvinyl  chloride,  and  many 
others.  Vansheldt's  published  papers  number  a  hundred. 

A. A.  Vansheldt  Is  also  an  outstanding  teacher,  who  has  trained  many  hundreds  of  engineers  and  research 
workers  employed  in  industry  and  in  the  scientific  institutions  of  our  country.  The  scientific  and  practical  ac¬ 
tivity  of  A. A.  Vansheldt  has  been  highly  valued  by  the  party  and  government;  he  has  been  awarded  the  Order 
of  Lenin  and  various  medals. 

The  workers  of  science  and  Industry  wish  him,  on  his  seventieth  birthday,  many  years  of  life,  health,  and 
further  fruitful  activity  devoted  to  the  work  of  Soviet  science  for  the  good  of  our  country. 
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SOME  DATA  ON  THE  DESORPTION  OF  A  LIQUID 
FROM  THE  SURFACE  OF  A  FLUIDIZED  LAYER 


la.  Tsiborovskii  and  A.  Seletskii 

Chaii  of  Processes  and  Equipment  of  Chemical  Technology,  the  Warsaw  Polytechnic  Institute 


The  desorption  of  liquids  from  the  surfaces  of  fluidized  layers  has  not  been  discussed  in  the  literature 
(apart  from  brief  descriptions  in  certain  patents  [1]). 

It  seems  likely  that  investigators  devoted  their  attention  primarily  to  the  simplest  processes,  not  compli¬ 
cated  by  subsidiary  or  secondary  effects.  Therefore,  despite  many  years  of  research,  many  fundamental  prob¬ 
lems  of  heat  and  mass  transfer  in  fluidized  layers  still  remain  insufficiently  studied. 

The  desorption  of  liquid  from  the  surface  of  a  fluidized  layer  is  much  more  complex  than  the  periodic 
process  of  mass  transfer  in  a  fluidized  layer,  which  is  the  process  usually  studied.  The  simultaneous  continuous 
humidification  and  drying  of  the  grains  in  the  fluidized  material  are  superposed  on  each  other,  and  complicate 
the  mechanism  of  the  process. 

In  periodic  drying  or  humidification  of  a  fluidized  layer,  we  are  dealing  mainly  with  a  homogeneous  ma¬ 
terial  which  is  in  dynamic  equilibrium  with  a  gas  stream  in  a  definite  thermodynamic  state. 

When  a  liquid  evaporates  from  the  surface  of  a  fluidized  layer,  simultaneously  with  its  humidification, 
the  parameters  measured  in  practice,  such  as  the  moisture  content  and  temperature,  are  average  values  for  the 
different  gra'ns  of  the  layer. 

In  such  cases  it  may  be  assumed  that  the  entire  surface  of  some  of  the  grains  (directly  after  contact  with 
the  moistening  liquid)  is  moist,  and  their  temperature  is  equal  or  close  to  the  reading  of  the  wet -bulb  thermo¬ 
meter  in  the  gas  stream.  The  evaporation  of  liquid  from  the  surface  of  such  grains  is  analogous  to  the  drying 
process  in  the  first  stage  (period  of  constant  rate  of  drying).  Other  grains,  with  moisture  contents  below  the  crit¬ 
ical  value,  may  have  temperatures  above  the  wet-bulb  reading  and  evaporation  of  liquid  from  their  surface  cor¬ 
responds  to  the  second  stage  (period  of  decreasing  rate  of  drying).  The  temperatures  and  moisture  contents  of 
such  grains  differ,  and  depend  mainly  on  the  time  which  elapses  from  the  end  of  the  period  of  constant  drying 
rate.  In  a  third  group  of  grains  the  temperature  and  moisture  content  may  correspond  to  equilibrium  relative  to 
the  gas  stream. 

Because  of  the  different  states  of  the  individual  grains  in  a  fluidized  layer,  heat  and  mass  transfer  may 
take  place  between  them,  complicating  the  whole  effect  still  further. 

The  purpose  of  the  present  investigation  was  to  make  a  preliminary  study  of  the  course  of  evaporation  of 
a  liquid  from  the  surface  of  a  fluidized  layer.  The  published  results  must  be  regarded  as  approximate  only,  and 
as  presenting  a  general  outline  of  the  process.  The  results  refer  to  the  effects  of  spraying  with  water  a  fluidized 
layer  of  granular  material  through  which  air  was  blown  at  temperatures  between  91  and  162*  at  gravimetric  rates 
from  1760  to  2650  kg/m* -hour.  The  rate  of  spraying  of  the  layer  with  water  was  varied  from  14  to  208  kg/m** 
hour,  and  in  some  instances  reached  300  kg/m* ’hour.  The  layer,  10  cm  thick,  consisted  of  porous  ceramic 
grains  of  equivalent  diameter  0.71  mm,  with  shape  factor  1.92.  A  column  7  cm  in  diameter  was  used  for  the 
experiments.  Qualitative  observations  were  made  on  the  behavior  of  layers  consisting  of  ceramic  grains  with  re¬ 
duced  diameters  of  0.55  and  0.346  mm,  and  also  of  sand  grains  0.45  mm  in  diameter  with  shape  factor  1.15. 
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Fig.  1.  Diagram  of  experimental  unit.  Explana¬ 
tion  In  text. 


A 


Fig.  2.  Correlation  of  calculated  and  measured 
temperatures  In  the  fluidized  layer.  Tempera¬ 
ture  (*C):  A)  calculated;  B)  measured. 


A 


Fig.  3.  Variation  of  the  pressure  Ap  with  the 
water  rate  L  In  the  column.  A)  Ap  (In  mm  HjO); 
B)  L  (g/mlnute). 


Apparatus  and  Method 

The  main  part  of  die  experimental  unit  was  the 
glass  column  1  (Figure  1).  A  porous  glass  plate  was 
fixed  In  Its  lower  end.  It  was  surrounded  by  a  layer  of 
cork  for  heat  Insulation.  A  silt  2  cut  In  the  cork,  nor¬ 
mally  closed  by  a  cork  Insert,  was  used  for  observation 
of  the  layer. 

After  passing  through  the  calibrated  diaphragm 
meter  3  and  the  electric  heater  4,  compressed  air 
passed  through  the  porous  plate  5  Into  the  column, 
fluidized  the  layer  of  porous  material,  and  emerged 
through  the  top  opening  of  the  column. 

A  Jet  for  spraying  the  grains  passed  through  the 
same  opening.  Water  entered  the  jet  from  the  meas¬ 
uring  cylinder  6.  The  grains  were  moistened  either  by 
means  of  a  spray  of  water  Injected  from  the  cylinder, 
or  by  drops  of  water  at  constant  pressure.  The  thermo¬ 
couple  7  was  used  to  measure  the  temperature  In  the 
layer.  To  compensate  for  heat  losses  (which  may  be 
considerable,  despite  the  heat  insulation  of  the  column) 
a  procedure  similar  to  that  described  by  Hamsley  and 
Johanson  [2]  was  used  for  calculation  of  the  heat  bal¬ 
ance;  the  Initial  temperature  of  the  Incoming  air  was 
the  same  as  the  temperature  which  became  established 
when  the  ait  passed  through  a  dry  layer.  The  differ¬ 
ence  In  the  balance  calculated  by  this  method  did  not 
exceed 

The  spraying  method  and  the  grain  size  of  the 
fluidized  material  were  determined  after  many  visual 
observations.  It  was  found  that  the  use  of  a  spray  Is 
essential  if  the  fluidized  layer  consists  of  fine  nonpor- 
ous  grains  (for  example,  sand  with  grains  0.4  mm  and 
smaller)  at  low  air  rates  and  moderate  temperature. 

In  such  cases  moistening  of  the  layer  with  drops  of  nor¬ 
mal  size  caused  agglomeration  of  the  grains  at  the 
points  of  contact  of  the  drops  with  the  layer.  The  ag¬ 
glomerates  fell  to  the  bottom  of  the  column  and  took 
no  part  on  the  motion  of  the  layer. 

Agglomeration  of  the  particles  did  not  occur  In 
the  fluidization  of  layers  consisting  of  porous  ceramic 
grains  over  0.35  mm  In  diameter.  When  air  was  passed 
at  moderate  rates  and  low  temperature  through  frac¬ 
tions  of  small  grain  size,  a  few  agglomerates  were 
formed,  but  these  disintegrated  rapidly  without  settling 
to  the  bottom  of  the  column. 

If  a  spray  Is  used,  it  Is  necessary  to  take  Into  ac¬ 
count  the  Influence  of  the  additional  air  Introduced 
for  spraying  the  water.  For  steady  operation  of  the  jet, 
the  air  velocity  must  be  high.  The  air  stream  formed 
vortices  on  the  surface  of  the  layer  and  disturbed  the 
hydrodynamic  conditions  In  the  column.  It  was  there  - 
fore  found  that  It  is  more  convenelnt  from  the  experl - 
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mental  standpoint  to  fluidize  layers  consisting  of  relatively  large  ceramic  grains,  and  to  wet  their  surface  by 
drops  of  water  emerging  from  the  capillary  8,  situated  In  the  center  of  the  column  above  the  surface  of  the  layer. 

It  may  be  noted  that  the  course  of  the  experiment  was  not  affected  If  the  opening  of  the  capillary  was 
within  the  layer.  However,  this  method  was  Inconvenient  owing  to  tfie  frequent  clogging  of  the  capillary. 

The  temperature  was  measured  by  means  of  a  thermocouple,  the  junction  of  which  was  5  cm  from  the 
bottom  of  the  column  and  half  way  between  the  vertical  axis  and  the  wall.  In  the  constant-temperature  region. 

In  agreement  with  the  results  of  our  experiments  and  those  of  other  workers.  It  was  assumed  that  the  tem¬ 
perature  of  the  exit  gas  was  equal  to  the  grain  temperature  In  the  fluidized  layer  as  measured  by  the  thermo¬ 
couple.  This  assumption  Is  justified  by  the  fact  that  the  temperature  of  the  gas  calculated  from  the  thermal  and 
material  balance  coincides,  within  the  limits  of  experimental  error,  with  the  measured  temperature  of  the  fluid¬ 
ized  layer  (Figure  2). 

Prelitnlnary  experiments  were  performed  In  order  to  study  die  behavior  of  a  fluidized  layer  of  granular 
material,  usually  heated  to  above  100*,  when  moistened  with  different  amounts  of  water  at  a  constant  gas  rate 
and  constant  gas  temperature. 

The  motion  of  the  particles  In  the  fluidized  layer  Is  not  visibly  Influenced  when  a  layer  consisting  of  por¬ 
ous  ceramic  grains  is  moistened  by  means  of  water  drops  at  moderate  rates. 

However,  the  layer  "becomes  heavy"  with  Increase  of  the  water  rate,  the  intensity  of  circulation  of  the 
individual  particles  decreases,  and  at  a  definite  water  rate  "dead  spaces"  form,  small  at  first,  but  gradually  In¬ 
creasing  In  size.  The  grains  are  motionless  and  agglomerated  In  these  spaces.  At  the  same  time  one  or  two 
channels  are  formed  In  the  layer,  through  which  the  gas  passes.  Finally,  the  motion  of  the  layer  ceases,  and  all 
the  gas  escapes  through  the  channels.  Sometimes  (when  fine  grains  were  used)  the  whole  layer  of  material  was 
ejected  In  the  form  of  a  plug. 

The  pressure  on  the  flo(»  of  the  column  remained  unchanged  with  variations  of  the  water  rate  up  to  the 
moment  when  the  motion  of  the  layer  ceased.  The  pressure  then  fell  sharply.  This  decrease  was  not  constant, 
but  depended  on  the  size  of  the  channels  formed,  and  was  not  reproducible  (Figure  3). 

When  the  column  contained  sand,  the  results  were  the  same  at  first.  However,  "flooding"  usually  occuned 
suddenly,  with  a  short  transitional  period,  and  very  often  the  whole  layer  of  sand  was  ejected. 

The  moisture  content  of  the  layer  of  the  "flooding”  point  varied,  and  depended  mainly  on  the  parameters 
of  the  gas  stream.  For  limiting  cases,  at  gravimetric  gas  rate  G  equal  to  3500  kg/m* 'hour,  t  =  128*,  and  at  the 
critical  water  rate,  the  moisture  content  of  sand  with  grain  size  (equivalent  diameter)  de  =  0.35  mm  was  1.65*^. 
At  G  =  2650  kg/m**  hour  and  t  =  129*,  ceramic  grains  of  de  =  0.71  mm  contained  2.78'^  moisture  at  the 
"flooding"  point.  However,  the  moisture -content  data  showed  poor  reproducibility,  and  more  precise  relation¬ 
ships  could  not  be  established. 


Fig.  4.  Humidity  diagram  for  air;  A)  x  (kg/kg);  B)  tem¬ 
perature  (*C). 


The  temperature  of  tlie  layer,  equal  (by  our  assumption)  to  the  temperature  of  the  exit  gas,  decreased  with 
Increasing  water  rate,  as  the  temperature  of  the  exit  gas  decreased  in  accordance  with  the  air  humidity  diagram. 

A  general  characteristic  feature  of  the  desorption  (evaporation)  region  studied  is  the  analogy  of  the  course 
of  the  process  with  the  humidity  diagram  for  air,  up  to  the  point  when  fluidization  ceases.  This  point  -  "flood¬ 
ing"  -  is  always  reached  at  lOO^o  saturation. 

Figure  4  is  a  portion  of  the  humidity  diagram  for  air  (after  Garber),  on  which  are  plotted  the  points  for  the 
state  of  the  air  in  one  series  of  experiments  (Table  1).  The  temperatures  of  the  moist  air  simultaneously  deter¬ 
mine  the  corresponding  temperatures  established  in  the  layer  under  given  process  conditions. 

It  follows  from  Figure  4  and  Table  1  that,  as  the  water  rate  increases,  the  temperature  of  the  gas  and  the 
equal  temperature  of  the  fluidized  layer  move  to  the  left  along  the  adiabatic  line  which  determines  the  initial 
state  of  the  air. 


TABLE  1 


G  =  1760  kg/m* ’hour 


Initial  state  of  the  air 

Water  rate 
L  (g/min) 

State  of  the  exit  air 

tCo 

X (kg/kg) 

tCC) 

X (kg/kg) 

97 

0.0039 

1.25 

69.5 

0.015 

97 

0.0039 

1.70 

57 

0.019 

97 

0.0039 

2.70 

40 

0.028 

114 

0.0035 

1.80 

70 

0.019 

114.5 

0.0035 

2.66 

53 

0.028 

114.5 

0.0035 

1.13 

88.5 

0.014 

141 

0.0042 

3.40 

60 

0.037 

141 

0.0042 

4.40 

50 

0.043 

The  limits  of  the  water  and  evaporation  rates  are  reached  at  the  flooding  point,  when  fluidization  ceases. 

Since  there  are  at  present  no  objective  criteria  whereby  the  instant  at  which  fluidization  ends  may  be  de¬ 
termined,  it  was  necessary  to  determine  it  visually.  Of  course,  this  Introduces  a  subjective  element  into  the  re¬ 
sults  of  the  determinations,  and  is  the  probable  reason  for  the  considerable  scatter  of  the  experimental  points  in 
Figure  5,  which  represents  the  variations  of  the  maximum  water  rate  (at  which  fluidization  ceases)  with  the  ini¬ 
tial  temperature  of  the  air  and  with  its  gravimetric  rate. 

Despite  the  extensive  scattering  of  the  experimental  points,  the  general  character  of  the  dependence  of  the 
limiting  water  rate  with  the  temperature  and  feed  rate  of  the  gas  is  quite  distinct. 

The  limiting  water  rate  depends  also  on  the  ini¬ 
tial  humidity  of  the  gas.  Since  the  humidity  of  the  gas 
stream  varied  little  during  the  experiments,  the  influ¬ 
ence  of  this  parameter  is  not  revealed  in  Figure  5.  For 
practical  utilization  of  evaporation  from  the  surface  of 
a  fluidized  layer,  the  technologist  must  be  able  to  cal¬ 
culate  the  limiting  rates  of  water  feed  and  evaporation 
under  various  hydrodynamic  and  thermodynamic  condi¬ 
tions,  because  if  these  rates  are  exceeded  the  course  of 
the  process  is  inevitably  disturbed  owing  to  cessation  of 
fluidization. 

It  may  be  concluded  from  the  foregoing  that  the 
parameters  of  the  process  at  water  rates  below  the  limit¬ 
ing  value  can  be  calculated  from  the  thermal  and  ma¬ 
terial  balance  equations.  The  limiting  water  rate  for 
definite  gas  flow  parameters  can  be  calculated  if  the 


A 


Fig.  5.  Variations  of  the  maximum  water  rate 
with  the  initial  temperature  and  the  gravimetric 
rate  of  the  air.  A)  (g/min);  B)  tempera¬ 

ture  rc',. 
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volumetric  coefficient  of  mass  transfer  at  the  instant  when  fluidization 
ceases  is  known. 


A 


Fig.  6.  Experimental  coef¬ 
ficients  of  mass  transfer  at 
different  air  rates.  A)  kga 
(kg/m*  •  mm  Hg*  hour);  B) 
G  •  1 0  ”*  ( kg/m*  •  hour). 


By  the  fundamental  laws  of  mass  transfer,  the  amount  of  evaporating 
water  at  the  point  of  cessation  of  fluidization  can  be  found  from  the  equation 

=  .  (i) 

where  Ap  is  the  reduced  difference  of  water  vapor  partial  pressures  (nominally 
taken  as  the  logarithmic  mean  difference  between  the  vapor  pressures  at  the 
beginning  and  end  of  the  process)* 


Hal  -Pf 


This  method  of  calculating  the  logarithmic  pressure  difference  is  anal¬ 
ogous  to  the  methods  used  in  thermal  calculations.  Calculation  of  the  re¬ 
duced  pressure  difference  as  the  integral  mean  is  not  free  from  arbitrary  fac¬ 
tors  and,  moreover,  involves  considerable  experimental  difficulties. 

If  the  gravimetric  feed  rate  of  the  dry  air  is  denoted  by  W,  the  amount 
of  moisture  taken  away  with  it  can  be  determined  from  the  balance  expression 


L 


max 


(  Pf _ !i  \ 

29  \P~pf  J'-Pil' 


(2) 


where  18  and  29  represent  the  molecular  weights  of  water  and  air  respectively. 


Since  Pi  <  Pf  «  P,  the  preceding  expression  can  be  written 


W  .  . 


(3) 


From  the  equation  for  the  heat  balance  of  the  process  we  have 


^max'"  —  (4  *sat)* 


(4) 


If  a  high  degree  of  accuracy  is  not  required,  it  may  be  assumed  that  Cx  ^  Cp,  and  then 


^inax'’  —  (4  “  ^at)* 


(5) 


Finally,  from  the  Clausius -Clapeyron  equation  in  the  form 


•A  is  a  constant  (A  =  18CW/R);  B  is  an  exponent 


= _ 29 _ 

18-60  W 


C  is  the  integration  con¬ 


stant;  dg  is  the  equivalent  grain  dliameter  (in  mm);  e  is  the  base  of  natural  logarithms;  Cp  is  the  heat  capacity 
of  air  (kcal/kg- *C);  Cj^  is  the  heat  capacity  of  moist  air  (kcalAg**C);  G  is  the  gravimetric  gas  rate  (kg/m** 

•  hour);  X  is  the  moisture  content  of  the  air  (kgAg);  (*^g*)Lmax  coefficient  of  mass  transfer  at  the  limit¬ 

ing  evaporation  rate  (kg/m*  -  mm  Hg-hour);  L  is  the  water  rate  (kg/min);  L^iax  limiting  water  rate 
(kg/min);  Pf  is  the  initial  partial  pressure  of  water  vapor  in  the  gas  stream  (mm  Hg);  pf  is  the  final  partial  pres¬ 
sure  of  water  vapor  in  the  exit  gas  (mm  Hg);  ps^j  is  the  saturated  water -vapor  pressure  at  the  surface  of  the 
grains  in  the  fluidized  layer  (mm  Hg);  Ap^y  is  the  reduced  pressure  difference  (mm  Hg);  P  is  the  atmospheric 
pressure  (mm  Hg);  £is  the  latent  heat  of  evaporation  (kcal/kg);  R  is  the  gas  constant  (kcal/mole  •  *K);  tg^t  is 
the  temperature  of  the  fluidized  layer  (*C);  tj  is  the  initial  air  temperature  (*C);  T  is  the  temperature  (*K);  Tf 
is  the  initial  air  temperature  (*K);  v  is  the  volume  of  the  fluidized  layer  (m*);  and  W  is  the  gravimetric  air 
rate  (kg/min). 


dp/dT  =  18rp/RT* 


we  have,  after  integration  over  a  narrow  temperature  range,  with  constant  heat  of  evaporation  £ 


/’sat 


A 

^sat  +  273 


-l-C. 


(6) 


The  constants  A  and  C  are  easily  calculated  for  a  definite  range  of  temperature.  For  example,  for  the  range 
40*  <  t  <  80*C,  assuming  that  r  =  562  kcal/kg  and  R  =  1.98  kcal/mole  •  *K,  we  find  A  =  5100  and  C  =  20.25. 

By  solving  the  system  of  Equations  (1),  (3),  (5)  and  (6),  we  can  find  the  limiting  water  rate  This 

solution  gives 


C  — 


=  ln 


29  /.m.x/’  g" 

18  ’  W  ’  1  -e" 


(7) 


where  the  index  B  = 


29 

60-18  ’ 


v(k„a),  P 
W 


This  equation  Is  used  to  find  Lniax  method  of  successive  approximations,  from  the  known  parameters 

for  the  air  stream  and  the  limiting  volume  coefftclents  of  mass  transfer  at  the  Instant  when  fluidization  ceases. 

It  is  quite  obvious  that  the  limiting  volume  coefficients  of  mass  transfer  and  their  dependence  on  the  air 
rate  must  be  determined  experimentally.  The  air  rate  varied  over  a  narrow  range.  It  was  limited  by  the  critical 
fluidization  rate  on  the  one  hand,  and  by  the  grain  velocity  on  the  other.  Equation  (1)  was  used  for  calculation 
of  the  coefficients. 


Despite  the  lack  of  an  objective  method  for  determination  of  the  point  at  which  fluidization  ceases,  the 
difference  between  tlie  determinations  does  not  exceed  25*^,  so  that  their  practical  use  is  admissible. 


TABLE  2 

Volume  Coefficients  of  Mass  Transfer  at  the  Instant  When  Fluidization  Ceases 


H 

rc) 

Psat 

(mm  Hg) 

Pi 

(mm  Hg) 

P/ 

(mm  Hg) 

(kg/mln) 

G 

(kg/m’  -  hr) 

120 

52.4 

5.2 

44.0 

5.95 

26.50 

41.5 

129 

55.3 

4.8 

49.5 

6.85 

26.50 

52.0 

91 

42.2 

8.0 

35.0 

4.3 

2340 

37.6 

115 

47.1 

4.8 

40.0 

4.6 

2340 

36.4 

115 

50.2 

4.2 

40.0 

4.6 

2340 

81.4 

141 

61.5 

4.3 

48.4 

6.0 

2340 

31.0 

116 

58.3 

5.4 

45.0 

4.4 

2060 

23.8 

116 

49.6 

5.4 

.38.5 

3.7 

2060 

19.2 

94.5 

42.2 

4.9 

31.4 

2.95 

2060 

21.6 

162 

83.7 

6.0 

56.0 

6.0 

2060 

19.0 

97 

55.3 

4.7 

32.5 

2.7 

1760 

13.2 

141 

92.5 

6.0 

48.5 

4.4 

1760 

11.0 

The  results  of  the  experimental  determinations  of  the  limiting  mass  transfer  coefficients  are  summarized 
in  Table  2  and  plotted  In  Figure  6.  The  plot  of  the  points  in  logarithmic  coordinates  gives  a  straight  line  repre¬ 
sented  by  tlie  equation 


(kga)Lmax  ~  5-3*  10 kg/m’ -mm  Hg'hour. 


(8) 


SUMMARY 

1.  The  limit  of  the  rate  of  water  feed  and  evaporation  from  the  surface  of  a  fluidized  layer  is  reached  at 
the  rate  at  which  the  granular  layer  ceases  to  be  fluidized,  owing  to  agglomeration  of  the  particles. 

2.  The  limiting  water  rate  is  a  function  of  the  thermodynamic  state  and  the  velocity  of  the  gas  stream. 

3.  The  limiting  volume  coefficients  of  mass  transfer  are  proportional  to  the  gravimetric  gas  rate  to  the 

power  3.5.  ' 

4.  Desorption  (evaporation)  of  liquid  from  a  moist  fluidized  granular  material  can  be  used  as  a  simple 
method  of  air  humidification  (with  great  potentialities  for  acceleration  of  the  process). 

The  evaporation  rate  attained  in  some  Instances,  of  the  order  of  200-300  kg  of  water  per  hour  per  square 
meter  of  column  cross  section,  had  not  previously  been  reached  in  equipment  for  evaporation  of  water  and  hu¬ 
midification  of  air. 
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APPROXIMATE  CALCULATION  METHOD  FOR  BATCH-RECTIFICATION  COLUMNS 


Fu  Tsziul-fu 

Chair  of  Chemical  Fuel  Technology,  Tientsin  Polytechnic  Institute 


The  previous  communication  [1]  contained  the  principal  equations  for  calculations  of  the  average  reflux 
ratio,  the  amount  and  average  concentration  of  the  distillate,  and  the  duration  of  batch  rectification  at  constant 
concentration  of  distillate  or  constant  reflux  ratio,  and  also  gave  the  derivation  of  analytical  equations  used  for 
calculations  in  cases  when  the  distillate  concentration  is  close  to  unity  and  the  y  =  f  (x)  equilibrium  curve  is  a 
straight  line.  A  critical  examination  of  Kasatkin's  methods  of  algebraic  integration  [2]  was  also  given. 

Despite  the  defects  of  Kasatkin's  methods,  some  of  his  concepts  can  be  used  for  approximate  algebraic  in¬ 
tegration  of  the  principal  equations  for  ideal  binary  mixtures  for  cases  in  which  the  plate  holdup  can  be  neglected 
(if  there  is  a  sufficient  number  of  plates  in  the  column). 

Since 


y 

min  V  —  X 


and/? 


^p  —  Vo 
yo  — »  ’ 


where  is  the  minimum  reflux  ratio,  R  is  the  operating  reflux  ratio,  ^  is  the  equilibrium  molar  concentration 
of  the  more  volatile  component  in  the  vapor  over  the  mixture  at  concentration  x  in  the  still,  x  is  the  molar  con¬ 
centration  of  the  more  volatile  component  in  the  liquid  phase  in  the  still,  yg  is  the  ordinate  corresponding  to  the 
abscissa  x  of  the  point  at  which  the  operating  reflux  ratio  is  equ;l  to  R,  and  Xp  is  the  molar  concentration  of  the 
distillate  (all  the  above  values  are  instantaneous),  then  with  an  infinite  number  of  plates  R  is  equal  to  Rmin 
yg  is  equal  to  y_. 

In  practice,  although  the  number  of  plates  is  limited,  when  the  number  of  plates  reaches  a  certain  value 
the  lower  end  of  the  operating  line  is  very  close  to  the  equilibrium  curve.  Within  the  limits  of  the  calculation 
accuracy  we  can  assume  that  yg  =  y,  and  thereby  simplify  the  calculation.  In  this  Instance,  the  relationship  be¬ 
tween  the  instantaneous  values  of  R,  Xp,  x,  and  relative  volatility  a  can  be  approximately  represented  as  follows 

(1) 

X  (a  —  1)  —  (a  —  1)  x2 

Equation  (1)  is  valid  on  the  assumption  tliat  the  instantaneous  quantity  of  vapor  ascending  in  the  column  is 
constant  for  any  section  of  the  column.  The  number  of  plates  for  which  Equation  (1)  is  valid  depends  on  the  limits 
of  the  values  of  a,  R,  and  x;  this  can  be  seen  on  examination  of  Figure  1  in  the  article  by  Rose  [3]. 

It  follows  from  Figure  la  that  when  a  =  1.25,  R  =  1  and  n  >  5,  for  x  =  0-1,  increase  of  the  number  of 
plates  does  not  lead  to  any  appreciable  change  of  the  concentration  x  of  the  liquid  phase  in  the  still,  correspond¬ 
ing  to  a  definite  concentration  x-  of  the  distillate.  In  other  words,  the  lower  end  of  the  operating  line  in  this 
case  is  very  close  to  the  equilibrium  curve.  Therefore,  if  n  >  5,  Equation  (1)  is  sufficiently  accurate. 

Analogously,  it  follows  from  Figure  lb  with  a  =  1.25,  R  =  19  and  x  =  0-1,  the  relationships  between  Xp 
and  X  are  almost  the  same  for  two  cases:  when  n  =  50,  and  n  =  100.  Equation  (1)  is  also  applicable  if  n  >  50, 
and  also,  within  the  ranges  x  =  0-0.15  and  0.35-1,  when  n  >  30,  and  when  n  >  20,  if  x  =  0.6-1. 
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Fig.  1.  Relationship  between  Xp  and  x  (for  different  values  of 
a,  R  and  n). 


It  follows  that  the  smaller  the  value  of  R,  the  smaller  is  the  number  of  plates  at  which  Equation  (1)  is  ap¬ 
plicable. 

Comparison  of  Figure  Ic  with  Figure  la  shows  that  the  number  of  plates  n  at  which  Equation  (1)  is  appli¬ 
cable  decreases  with  decreasing  a. 

When  a  =  Yo  ~  Y  ^^Y  number  of  plates.  Figure  2  shows  that  approaches  y^as  a  decreases,  while 
Figure  3  for  n  =  4  shows  that  yg  approaches  y_  with  decrease  of  R. 

Since  R  gradually  Increases  to  infinity  in  the  course  of  distillation  with  constant  distillate  composition,  if 
Equation  (1)  is  used  it  is  necessary  to  have  a  larger  number  of  plates  than  in  distillation  at  constant  reflux  ratio. 
However,  Equation  (1)  may  be  applied  both  in  calculations  for  distillation  at  constant  reflux  ratio,  and  for  dis¬ 
tillation  with  consunt  distillate  composition  (within  appropriate  limits  of  the  concentration  x),  as  a  small  number 
of  plates  is  required  in  either  case. 
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Calculation  of  the  Rectification  Process  at  Constant 
Reflux  Ratio 

In  this  case  the  Rayleigh  equation  [4]  may  be  used  to  determine 
the  amount  of  distillate 


'n 


V 

^ _ f  dx 

\V  ~  J 


(2) 


In  conjunction  with  the  relationship 

P  =  F  -  W, 


Fig.  3.  Variations  of  y©  and  y_  with 
R  (with  constant  values  of  n  and  a). 


Fig.  4.  Determination  of  the  critical 
reflux  ratio  R^j. 


where  F  Is  the  amount  of  Initial  mixture  (In  kg -moles),  W  Is  the 
amount  of  residue  In  the  still  (In  kg -moles),  Xp  Is  the  distillate  con¬ 
centration  (In  mole  fractions  of  the  more  volatile  component),  Xf  Is 
the  concentration  of  the  Initial  mixture  (In  mole  fractions  of  the  more 
volatile  component),  and  x^^  Is  the  concentration  of  the  residue  (In 
mole  fractions  of  the  more  volatile  component). 

Substitution  of  Equation  (1)  into  (2)  followed  by  Integration 

gives 


In 


F 

W 


1 

TTm 


».{'-*/) 


(3) 


It  should  be  noted  that  Equation  (3)  Is  the  same  as  the  Gilliland 
equation  [5]  for  calculation  of  the  minimum  amount  of  vapor  In  rec¬ 
tification  at  constant  R,  although  they  are  intended  for  different  cal¬ 
culation  purposes. 


It  follows  from  Equation  (3)  that,  for  the  same  values  of  xf,  Xy,, 
n  and  R,  F/W  decreases  when  a  increases,  while  the  average  concen¬ 
tration  of  the  distillate  (Xp)av  Increases.  This  means  that  mixtures  of  higher  relative  volatility  are  separated 
more  easily.  In  other  words,  for  the  same  values  of  Xf,  Xy,,  n  and  a,  F/W  decreases  and  (Xp)gv  Increases  with  In¬ 
crease  of  R. 


It  must  be  pointed  out  that  when  R  >  R^f  (R^.^  Is  the  critical  reflux  ratio)  Equation  (3)  cannot  be  used.  Al¬ 
though  In  practice  It  is  possible  to  operate  at  reflux  ratios  above  R^.^,  in  such  cases  the  lower  end  of  the  operating 
line  Is  a  long  way  from  the  equilibrium  curve,  and  In  such  conditions  Equation  (1)  Is  not  applicable. 

The  value  of  R(.j  can  be  determined  graphically. 

In  Figure  4,  yj  Is  the  equilibrium  concentration  of  the  vapor  phase  over  the  Initial  mixture  of  concentra¬ 
tion  Xf;  the  coordinates  of  the  point  A  are  (xf,  yf);  the  coordinates  of  the  point  B  are  (x  =  1,  y  =  1);  AB  is  a 
straight  line.  It  Is  seen  that  If  the  slope  of  the  operating  line  CB  Is  greater  than  the  slope  of  the  equilibrium  line 
AB,  the  lower  end  of  the  operating  line  is  a  long  way  from  the  equilibrium  curve  (while  the  upper  end  of  the  oper¬ 
ating  line  Is  close  to  the  equilibrium  line  if  the  number  of  plates  is  considerable). 

If  the  slope  of  the  operating  line  A*D  Is  less  than  the  slope  of  AB,  the  lower  end  of  the  operating  line  is 
very  close  to  the  equilibrium  curve.  We  thus  find  the  tangent  of  the  angle  of  Inclination  of  the  line  AB 

^^cr  \ 

/icr -t- 1  1)*^‘ 


Hence 


1 

(a  —  l)x^ 


(4) 
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When  the  value  of  (F/W)  has  been  calculated  by  means  of  Equation  (3),  we  can  calculate  die  average 
concentration  of  the  distillate  (Xp)^y  and  the  rectlfliclatlon  time  ^from  die  following  equations: 

F 

(*p)av—  F —  w  ^  F  ’ 

where  V  is  the  quantity  of  vapor  ascending  In  the  column,  In  kg-moles  per  unit  time. 

Calculation  of  the  Rectification  Process  With  Constant  Concentration  of  the  Ois- 


tlllate 

The  amount  of  distillate  can  be  calculated  by  means  of  die  material -balance  equation  for  die  rectification 
column. 

From  Equation  (1)  and  the  author's  formula  [1]  for  determination  of  the  average  reflux  ratio  R^y  v/e  have 


- —  3  (*..-*)’  ■ 

f  P  Xp  —  \(i  —  {a—\)Xp]x  p 

\  Fdx  \  x(a  — D  — (a  — l)x*  ^  \  Xp(i—x)-^ax{xp—\)  . 

J  (Tp-x)2  J  (*p-*)2  -x)x  = 

-f-f  a(gp-l)  . 

.1  (X;,  — x)2(a  — l)x  .1  (Xp  — x)2(a  — 1)  (1 —x) 


For  the  first  term 


f  _  1  r  1  _  _L  In  »p— »~]  1  c 

.1  (Xp  — x)»(a-- l)x  a  — 1  Lxp  — X  Xp  x  J  " 


For  the  second  term  we  put  Xp  -  x  =  y,  then  -dx  =  dy  and 


I  a  (xp  —  1 )  rfx  . _ _  a  (xp  —  1 )  r  —dy  _ 

J  (Xp  — x)2(a  — 1)(1  —  x)  a  — 1  J  y*  (1 -f  y  —  Xp) 

_■  — a(xp  — 1)  r_  1  4-  ^  ln^~^^~^^~l4  C=: 

a  — 1  L  (1— »r)v  (1— *p)*  y  J 

=  i(^ILZdir _ \ _ -_J _ Inlml  +  C. 

a  — 1  1.(1  —  »p){»p  — *)  (1  —  a^p)*  *p  — *J 


Integration  gives  (7)  In  the  following  form: 


fcl- Z1-).  [_L-  In  <'  ~  ~  - 

1  fx.  —  X  )  X,1 

_ Ini-? - =1-/  —  1. 

*P  (*p-*/)»-J 


We  now  compare  Equation  (8)  with  the  Gilliland  equation  [5]  for  calculation  of  the  minimum  amount  of 
vapor  In  rectification  with  constant  concentration  of  the  distillate 
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(9) 


!lmln  =  ^J-^v  r«('»-1)  +  (l  -xj 

V  «(,_!)  x^_l 

-In 

where  Vmin  is  the  minimum  number  of  kg -moles  of  vapor  evaporating  from  the  still  in  the  course  of  rectifica¬ 
tion. 

If  the  number  of  plates  is  infinite,  V  =  Vmin»  where  V  is  the  actual  number  of  kg -moles  of  vapor  evapora 
ting  from  the  still  in  the  course  of  rectification.  Then 


Vmin  —  V  —  P(Rav  !)• 


If  Equations  (8)  and  (9)  are  put  into  similar  form,  Equation  (9)  becomes: 


^av  +  ^  = 


(x^-xj(a-l) 


(10) 


Comparison  of  Equations  (8)  and  (10)  shows  that  they  are  not  identical.  Since  the  derivation  of  Equation 
(8)  was  strict  and  mathematically  exact,  it  follows  that  there  must  be  errors  in  Gilliland's  mathematical  deriva¬ 
tion. 

Examination  of  Equation  (8)  shows  that,  for  the  same  values  of  Xf,  Xp,  Xwi  and  n,  decreases  when  a  in¬ 
creases.  Therefore,  the  mixture  is  more  easily  separated.  In  the  limidng  cases,  when  a  =  1,  R^y  tends  to  oo, 
and  when  a  =  oo,  R^y  is  zero. 

Using  Equation  (1)  and  integrating  the  Bogart  equation  [6],  we  obtain  a  formula  for  calculation  of  the  rec¬ 
tification  time  t 


^  — A’ (xp  —  X/)  r  g  (1  —  r„)(xp  — X/) _ 1  ,  (j-;.  —  t„)  x/ 

—  1)  L(t— Xp)  (1  —  X/)(Xp  — X«,)  Xp  (Xp  — x/)x«,‘ 

As  in  the  case  of  Equation  (8),  it  follows  from  Equation  (11)  that,  for  the  same  values  of  Xf,  Xp,  x^^,  and  n^, 
2  decreases  with  increase  of  a.  In  the  limiting  cases,  when  a  =  1,  ^tends  to  oo,  and  when  a  =  oo,  J^ls  zero. 

Comparison  of  the  Two  Variants  of  the  Rectification  Process 

For  a  given  average  distillate  concentration  (Xp)gy,  the  ratio  of  the  rectification  times  and  of  the  average 
reflux  ratios  in  rectification  at  constant  reflux  ratio  and  at  constant  distillate  concentration  should  show  which 
of  these  variants  is  the  more  advantageous. 

Since  the  consumption  of  heating  steam,  the  consumption  of  condenser  cooling  water,  and  P(Ray  +  1)  in¬ 
crease  proportionately,  we  can  suitably  compare  the  values  of  (R^y  +  1)  for  the  two  variants. 

In  rectification  at  constant  reflux  ratio 

F 

(^p)av=-^7^ - 

1?  ~  * 

Hence 

^  (xp^av*” 

^  (*r)av  — 

With  the  aid  of  Equation  (3)  we  have 
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1 


(12) 


«  1-  1  ='? - 1 


Xh!  ( 1  —  ay) 


±“5/ 


(^p)av  — 

~  */ 

Comparison  of  Equation  (8)  with  Equation  (12)  gives  the  ratio  for  the  two  variants 

(/H  Dp 


(«av+*)« 


(»•/  —  T,,)  fin  4-  a  In  \ — • 

I  a-»  1  — 


~~.a^w 


(r,  -  X,)  (X,  -  X.)  In  (  (xx-x.lx/l 

\rp  —  X/  /[  \  —xp  (1  —X/)  (Xp  —  x„)  Xp  (xp  —  X/)  x»  J 


(13) 


Comparison  of  Equations  (6)  and  (11)  gives  the  following  ratio  of  the  rectification  times  for  the  two  variants: 


_  (fi  4-  1)/t 

tp  ( f^av  ^  )p  * 


(14) 


where  the  subscript  £  refers  to  operation  at  constant  distillate  concentration,  and  R,  to  operation  at  constant  reflux 
ratio.  This  time  ratio  Is  clearly  a  function  of  the  variables  Xf,  \yf,  Xp  and  a. 

Consider  the  following  example  of  the  rectification  of  an  Ideal  binary  mixture.  The  composition  of  the 
mixture  Xf  =  0.5,  the  relative  volatility  a  =  2.  A  batch  column  In  which  the  number  of  theoretical  plates  n  = 

=  20  Is  used.  In  operation  at  constant  reflux  ratio  R  =  1.8,  the  final  concentration  of  the  mixture  In  the  sdll 
x^  =  0.1.  We  have  to  determine  the  average  distillate  concentration  (Xp)2v 

First,  examination  of  Figure  Id  shows  that  Equation  (1)  may  be  used  when  R  =  19  and  n  =  20;  In  this  In¬ 
stance  R  =  1.8,  or  much  less  than  19,  so  that  this  equation  is  all  the  more  applicable. 

From  Equation  (4)  we  have: 


^cr  (a  —  1 )  ay 

Since  R  Is  less  than  R^,  Equation  (3)  is  fully  applicable.  Substitution  of  the  values  of  xf,  x^,  a,  R  into  Equation 
(3)  gives  F/W  =  2.72.  Then,  from  Equation  (5)  we  have 

(^p)av  0.773. 

We  now  find  the  average  reflux  ratio  R^y  If  the  same  column  Is  used  for  rectification  of  the  same  mixture 
In  operation  with  constant  concentration  of  the  distillate,  the  value  of  Xp  =  0.773  being  reached  [In  other  words, 
when  Xp  Is  equal  to  (Xp)av]  and  with  x^  =  0.1. 

In  this  Instance  when  the  concentration  of  the  mixture  in  the  still  falls  to  0.1,  the  final  reflux  ratio  will  be 
greatest.  We  denote  this  final  reflux  ratio  by  R^;  then,  approximately 

_ Xp  —  y,f 

-f  1  Xp  —  X„' 

where  yw  Is  the  equilibrium  concentration  of  the  vapor  phase  over  the  Hnal  mixture  of  concentration  x^. 

Putting  Xp  =  0.773,  Xy^  =  0.1  and  ^  ^  ^  °‘-^)  x —  expression,  we  have  Ry,  =  9.05.  This  Is 

much  smaller  than  the  value  of  R  (R  =  19)  shown  In  Figure  Id.  Therefore,  when  the  number  of  plates  Is  20  die 
end  of  the  operating  line  Is  close  to  the  equilibrium  curve  and  Equation  (8)  may  be  used  for  the  calculation. 
Substitution  of  the  values  of  xf,  Xyy,  Xp  and  a  into  Equation  (8)  gives  Rav  =  1.47. 
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We  thus  find  the  following  ratios  of  the  steam  and  cooling  water  consumptions  for  the  two  variants  of  the 
rectification  process: 


1  1.8 

1  +1.47 


1.43. 


Analogously,  the  ratio  of  the  rectification  times  is 

tR/tp  =  1.43. 


Therefore,  rectification  at  constant  distillate  concentration  Is  more  economical  under  the  conditions  of  the 
example  considered. 


SUMMARY 

1.  The  proposed  analytical  method  for  calculations  relating  to  the  separation  of  an  ideal  binary  mixture 
In  a  batch -rectification  column  with  a  sufficient  number  of  plates  is  simpler  than  the  graphical  method. 

2.  At  certain  values  of  a,  R  and  x  the  proposed  method  Is  applicable  even  with  a  small  number  of  plates 
(sometimes  a  few  plates  are  sufficient). 

3.  The  greater  the  number  of  plates,  the  more  accurate  Is  the  result  given  by  this  calculation  method.  If 
the  number  of  plates  is  small  and  the  terminal  point  of  the  operating  line  is  at  some  distance  from  the  equilibrium 
curve.  Equations  (13)  and  (14)  can  still  be  used  for  rough  calculations  of  the  ratios  of  the  rectification  times  and 
average  reflux  ratios  for  operation  by  the  two  variants  giving  distillates  of  the  same  average  concentration,  as 

the  errors  in  the  determinations  of  tp  and  (R  +  l)p,  and  of  tj^  and  (R^y  i)R  more  or  less  cancel  each  other  out. 

4.  The  Gilliland  formula  for  calculations  of  the  rectification  process  at  constant  distillate  concentration  is 
incidentally  shown  to  be  erroneous. 
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KINETIC  RELATIONSHIPS  IN  ABSORPTION  BY  THE  BUBBLING  METHOD 


L.A.  Mochalova  and  M.Kh.  Kishinevskii 
Laboratory  of  Physical  Chemistry,  the  Kishinev  State  University 

There  have  been  many  Investigations  of  the  mechanism  of  gas -liquid  interaction  on  bubble -cap  and  sieve 
plates,  and  interest  in  this  subject  has  increased  considerably  during  recent  years. 

Theoretical  calculations  of  plate  efficiency  are  hindered  by  inadequate  information  on  the  mechanism  of 
mass  transfer  from  the  gas  stream -bubble  interface  into  the  liquid  phase. 

In  the  great  majority  of  experimental  investigations  the  systems  chosen,  in  order  to  avoid  difficulties  in 
interpretation  of  the  experimental  results,  are  such  that  there  is  no  chemical  interaction  between  the  gas  and  li¬ 
quid.  Indeed,  if  the  mechanism  and  kinetics  of  the  reactions  superposed  on  the  diffusion  processes  are  not  under¬ 
stood,  interpretation  of  the  experimental  data  is  very  difficult.  However,  if  definite  information  on  the  mechan¬ 
ism  and  kinetics  of  the  chemical  process  is  available,  and  if  the  order,  and  the  value  of  the  rate  constant  and  its 
temperature  coefficient,  of  the  slowest  reaction  are  known,  then  data  on  the  rate  of  absorption  accompanied  by 
chemical  reaction  can  even  assist  in  elucidation  of  the  nature  of  the  liquid -phase  mass  transfer  coefficient,  i.e., 
of  the  mechanism  of  mass  transfer.  An  attempt  in  this  direction  is  described  in  this  paper. 

It  is  now  widely  held  that  the  coefficient  of  mass  transfer  in  the  liquid  phase  under  bubbling  conditions  is 
proportional  to  the  square  root  of  the  ratio  of  the  diffusion  coefficient  and  the  phase  contact  time,  or  the  time  of 
renewal  of  the  surface  layer 

AL=113|/;^.  (1) 

This  equation  is  derived  on  the  assumption  that  the  diffusion  of  gas  molecules  from  the  interface  into  the 
volume  does  not  reach  equilibrium  during  the  time  of  phase  contact,  and  that  the  region  through  which  the  mole- 
cules  diffuse  is  very  large.  Higbie  [1]  considered  that  Ar  is  approximately  equal  to  the  time  required  for  a  bub¬ 
ble  to  traverse  the  horizontal  plane,  but  that  A r  decreases  with  increasing  agitation  in  the  liquid  phase.  Accord¬ 
ing  to  Higbie,  the  removal  of  gas  molecules  from  the  interface  into  the  liquid  phase  during  the  time  of  contact 
is  determined  by  a  molecular -diffusion  mechanism  only,  and  D  is  therefore  the  coefficient  of  molecular  diffu¬ 
sion. 

West,  Gilbert  and  Shimizu  [2],  who  studied  the  mechanism  of  mass  transfer  on  sieve  plates,  held  similar 

views. 

These  autfiors  define  At  as 

At  =  2r€/V,  (2) 

where  £ls  the  effective  bubble  radius;  V  is  the  linear  gas  valoclty,  equal  to  the  ratio  of  the  volume  flow  rate  to 
the  total  plate  cross  section;  e  is  the  gas  volume  fraction. 

Calderbank  [3]  also  accepts  Higble's  equation,  and  assumes  that  k^  ~  v/ov/r,  where  V  is  the  linear  velo¬ 
city  of  ascent  of  the  bubble. 
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Fig.  1.  Bubblers.  The  diameter  of  the  bub¬ 
bling  tube  is  5  mm  in  bubbler  1,  and  2  mm 
in  bubbler  2;  the  diameter  of  bubbler  1  is 
50  mm,  and  of  bubbler  2,  35  mm. 


A 


0  1  2  B 


Fig.  2.  Rate  of  absorption  of  CO2  by  NaOH 
solutions  in  bubbler  1.  Partial  pressure  of 
CO2  at  the  entry  into  the  absorber  0.52  at- 
mos.  A)  Absorption  rate  •  10*  (moles/min); 
B)  NaOH  concentration  (M).  Temperature 
CC):  1)  5;  2)  45.  Curves  (in  Figs  1-8): 

1)  lower;  2)  upper. 


This  author  analyzed  the  experimental  data  available 
in  the  literature  on  the  rate  of  bubble  formation,  and  con¬ 
cluded  that  this  rate  is  almost  constant  in  the  range  of  bub¬ 
bling  rates  used  in  practice.  The  effective  bubble  radius  is 
proportional  to  the  cube  root  of  the  volumetric  gas  rate  per 
orifice. 

Under  streaming  conditions,  when  chains  of  closely  ad¬ 
joining  bubbles  emerge  from  each  orifice,  the  ascent  velocity 
of  each  is  equal  to  the  product  of  the  frequency  of  formation 
and  the  diameter,  i.e.,  it  is  again  proportional  to  the  cube 
root  of  the  volume  rate.  Hence  it  is  concluded  that  in  all 
cases  of  bubbling  absorption  is  determined  only  by  the  coef¬ 
ficient  of  molecular  diffusion. 

It  is  difficult  to  agree  with  this  conclusion.  It  is  diffi¬ 
cult  to  accept  tliat  the  degree  of  turbulence  of  the  liquid 
phase  has  no  effect  on  the  liquid -phase  coefficient  of  mass 
transfer.  The  viewpoints  of  Higbie  and  of  West,  et  al.  are 
more  flexible  in  this  respect,  as  according  to  these  authors 
intensification  of  the  bubbling  rate  results  in  a  decrease  of 
the  renewal  time  of  the  surface  layer.  Nevertheless,  Calder- 
bank's  conclusion  that  Ar  is  independent  of  the  bubbling  rate 
is  justified  if  it  is  taken  into  account  that  the  rate  of  bubble 
formation  is  constant  in  the  practical  range  of  bubbling  rates. 
In  our  opinion  this  contradiction  can  be  resolved  if  it  is  as¬ 
sumed  that  the  transfer  of  gas  molecules  from  the  Interface 
into  the  liquid  phase  is  effected  not  only  by  molecular  but 
also  by  turbulent  diffusion,  i.e.,  if  in  Equation  (1)  the  coef¬ 
ficient  of  molecular  diffusion  is  replaced  by  the  effective  dif¬ 
fusion  coefficient,  equal  to  the  sum  of  the  molecular  and  tur¬ 
bulent  diffusion  coefficients.  This  concept  is  quite  compatible 
with  Calderbank's  conclusion  that  Ar  is  constant  over  a  wide 
range  of  bubbling  rates,  and  at  the  same  time  it  is  not  contrary 
to  the  idea  that  the  mass -transfer  coefficient  increases  with 
increasing  turbulence  of  the  liquid  phase.  It  should  be  noted 
that  available  experimental  data  indicate  that  k^  Increases 
with  intensified  agitation  of  the  liquid  phase.  We  carried  out 
experiments  under  mass -bubbling  conditions  at  various  linear 
velocities  of  the  liquid  on  the  plate,  with  the  same  bubbling 
depth  in  all  cases.  The  results  showed  that  k^ '  F*  increases 
approximately  linearly  with  the  liquid  velocity  on  the  plate. 
Similar  results  were  obtained  by  Bonnet  et  al.,  whose  data  are 
presented  In  the  monograph  by  Sherwood  and  Pigford  [4].  For 
example.  It  follows  from  Bonnet's  data  that  when  the  linear 
gas  velocity  (for  the  full  section  of  the  column)  is  2.2  feet  per 
hour,  the  height  of  a  transfer  unit  in  the  liquid  phase  increases 
roughly  2  to  2.5 -fold  with  a  nearly  10 -fold  variation  of  the 


volumetric  liquid  rate.  The  only  possible  explanation  for  this  is  a  considerable  Increase  of  k^’a,**  but  since  a 


is  constant  at  a  constant  volumetric  gas  rate,  it  follows  that  kL  increases  with  increase  of  the  liquid  velocity. 


The  purpose  of  the  present  investigation  was  to  analyze  experimental  data  on  the  kinetics  of  absorption 
accompanied  by  chemical  reactions  in  order  to  determine:  1)  the  dependence  of  Ar  on  the  bubbling  conditions. 


•F  is  the  total  interfacial  area,  constant  in  all  our  experiments, 
••a  is  the  interfacial  area  in  unit  volume  of  liquid. 
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2)  the  dependence  of  the  mass -transfer  coefficient  in  the  li¬ 
quid  phase  on  the  viscosity,  and  3)  the  dependence  of  At  on 
viscosity. 


Fig.  3.  Rate  of  absorption  of  COj  by  NaOH 
solutions  in  bubbler  2.  Partial  pressure  of 
COj  at  the  entry  into  the  absorber  0.52  at- 
mos.  A)  Absorption  rate*  10*  (moles/min); 
B)  NaOH  concentration  (M).  Temperature 
CC):  1)  5;  2)  45. 


EXPERIMENTAL 

The  following  systems  were  used  in  the  experiments: 

CO2  -  aqueous  NaOH  solutions,  CO2  ~  aqueous  Na2C02  solu¬ 
tions,  and  CO2  -  aqueous  ammonia  solutions.  Since  the  pur¬ 
pose  of  the  work  was  to  determine  the  influence  of  viscosity 
on  the  kinetic  relationships  in  bubbling  absorption,  the  method 
of  coordinated  selection  of  temperatures  and  concentrations 
[5]  was  not  used. 

The  influence  of  the  concentration  of  the  active  com¬ 
ponent  of  the  absorbent  on  the  absorption  rate  was  studied  at 
5  and  45*.  The  form  and  dimensions  of  the  bubblers  used  are 
shown  in  Figure  1.  The  gas  rate  was  0.6  liter/minute  in  the 
experiments  with  bubbler  1,  and  3.12  liters/minute  in  the  ex¬ 
periments  with  bubbler  2.  The  same  volume  of  absorbent 
(60  ml)  was  used  in  all  the  experiments,  corresponding  to  a 
bubbling  depth  of  17  mm  in  bubbler  1  and  45  mm  in  bubbler 
2.  The  bubbles  were  formed  singly  in  bubbler  1,  and  in 
streams  in  bubbler  2.  In  the  latter  case  there  was  considerable 
foaming.  To  the  lower  end  of  each  bubbler  there  was  sealed 
a  capillary  tube  which  emerged  from  the  thermostat  contain¬ 
ing  the  bubblers.  This  tube  was  used  for  removal  of  the  liquid 
after  each  experiment;  a  rubber  bulb  was  used  to  create  a 
slight  increase  of  pressure  in  the  bubbler  for  this  purpose.  The 
middle  portions  of  liquid  were  taken  for  analysis.  The  vessels 
were  thoroughly  washed  after  each  experiment.  The  duration 
of  each  individual  experiment  was  short,  as  it  was  the  inten¬ 
tion,  in  order  to  avoid  complication  of  the  chemical  kinetics, 
to  stop  at  the  initial  stages  of  carbonation.  Otherwise,  the 
experimental  procedure  was  the  same  as  that  described  in  the 
previous  paper.  The  experimental  data  are  presented  in  Figs. 
2-7. 


Fig.  4.  Rate  of  absorption  of  CO2  by  aque  - 
ous  NH3  solutions  in  bubbler  1.  Partial  pressure 
of  CO2  at  the  entry  into  the  absorber  0.515 
atmos.  A)  Absorption  rate  *  10*  (moles/min); 
B)  NH4OH  concentration  (M).  Tempera¬ 
ture  CC):  1)  5;  2)  45. 


DISCUSSION  OF  RESULTS 


Comparison  of  the  experimental  curves  shows  that  caus¬ 
tic  soda  solutions  absorb  carbon  dioxide  at  the  greatest  rate. 

The  absorption  rate  reaches  its  maximum  value  at  NaOH  con¬ 
centrations  of  about  1-1.5  mole /liter  at  both  the  temperatures. 

This  form  of  the  curves  cannot  be  attributed  to  the  small  in¬ 
crease  in  the  viscosity  of  caustic  soda  solutions  in  the  range  from  0  to  1-1.5  mole /liter.  The  more  likely  explan¬ 
ation  is  that  the  gas -phase  resistance  increases  rapidly  with  increasing  NaOH  concentration,  since  the  partial  pres¬ 
sure  P*  of  CO2  at  the  interface  decreases  with  increasing  gas -phase  resistance,  and  the  absorption  rate,  expressed 
in  terms  of  the  driving  force  in  the  gas  phase 


(3) 


tends  to  its  limiting  value 


d(>i 

dx 


k^.F.P. 


(4) 
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Fig.  5.  Rate  of  absorption  of  CO2  by  aqueous 
ammonia  solutions  in  bubbler  2.  Partial  pres¬ 
sure  of  CO2  at  the  entry  into  the  absorber  0.52 
atmos.  A)  Absorption  rate  •  10*  (moles/min); 
B)  NH4OH  concentration  (M).  Temperature 
CC);  1)  5;  2)  45. 


0.5  1  B 


The  decrease  of  die  absorption  rate  with  increase  of 
NaOH  concentration  above  1-1.5  M  Is  probably  due  to  the 
Influence  of  viscosity  on  Uq  •  F. 

The  values  of  kg-F  were  calculated  from  the  limit¬ 
ing  rates  of  absorption  of  CO2  by  NaOH  solutions,  with  the 
aid  of  Equation  (4).  The  data  are  presented  In  Table  1.  It 
Is  seen  that  the  temperature  has  a  significant  Influence  on 
k(j*  F;  this  influence  may  either  be  direct,  or  Indirect  in 
consequence  of  changes  in  the  viscosity  of  the  absorbent. 

The  experimental  curves  for  Na2CC)j  were  used  for 
determination  of  the  liquid -phase  mass  transfer  coefficient 
k^F.  For  this,  the  curves  were  extrapolated  to  zero  concen¬ 
tration  of  Na2C03.  When  ~  0#  the  absorption  rate 

Is 


B 


B 


Fig.  6.  Rate  of  absorption  of  CO2  by  Na2C03 
solutions  in  bubbler  1.  Partial  pressure  of  CO2 
at  the  entry  Into  the  absorber  0.48  atmos.  A) 
Absorption  rate  •  10*  (moles/min);  B)  Na2C03 
concentration  (g-equlv Alter).  Temperature 
(“O  1)5;  2)45. 


Fig.  7.  Rate  of  absorption  of  CO2  by  Na2C03 
solutions  in  bubbler  2.  Partial  pressure  of  CO2 
at  the  entry  into  the  absorber  0.515  atmos.  A) 
Absorption  rate  •  10*  (moles/min);  B)  Na2C03 
concentration  (g-equlv/liter).  Temperature 
CO:  1)  5;  2)  45. 


TABLE  1 


Calculation  of  Gas-Phase  Mass -Transfer  Coefficient 


Bubbler 

Tempera¬ 
ture  CC) 

Gas  rate 
(llters/min) 

Absorption  rate 
(moles/min) 

Average  partial 
pressure  of  CO2 
(atmos) 

koF 

(moles/mln-atm) 

2 

5 

3.12 

16.5- 10‘* 

0.48 

35-10'* 

2 

45 

3.12 

28.5-10'* 

0.40 

71-10'* 

1 

5 

0.60 

4.25-10'* 

0.47 

9.0-10'* 

1 

45 

0.60 

9.2-  10'* 

0.325 

28*  10'* 
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TABLE  2 

Calculation  of  Liquid -Phase  Resistance 


where  H  is  the  coefficient  of  solubility  of  CO2  in  water  (in  moles/liter  •  atmos). 


The  calculation  of  1<l‘  F  is  given  in  Table  2.  The  variation  of  l/k^F  with  the  viscosity  of  the  absorbent 
is  plotted  in  Figure  8.  In  both  cases  the  liquid -phase  resistance  l/k^F  was  directly  proportional  to  the  viscosity. 


B 

Fig.  8.  Variation  of  IAlF 
with  viscosity:  A)  values  of 
IAlF  (min/liter):  B)  viscos¬ 
ity  (centlpoises). 


where 


The  influence  of  viscosity  on  the  liquid -phase  transfer  coefficient  in 
bubbling  absorption  was  also  studied  by  Walter  and  Sherwood  [6]  for  the  sys¬ 
tem  COj -water.  The  viscosity  of  the  absorbent  was  varied  by  two  methods: 
by  addition  of  glycerol  at  constant  temperature,  and  by  changes  of  the  tem¬ 
perature  of  pure  water.  In  the  first  case  the  reciprocal  of  k^a  was  propor¬ 
tional  to  the  viscosity  to  the  power  0.43,  and  in  the  second,  to  the  power  1.35. 

In  our  opinion,  the  second  method  for  studying  the  influence  of  vis¬ 
cosity  is  the  mote  reliable,  as  glycerol  may  influence  foaming.  The  dis¬ 
crepancy  between  our  results  and  those  of  Walter  and  Sherwood  in  experi¬ 
ments  in  which  the  viscosity  was  varied  by  changes  of  temperature  cannot 
be  attributed  to  the  fact  that  in  our  experiments  a  single  bubbling  orifice 
was  used,  whereas  they  used  a  bubble  tower.  We  obtained  similar  results  in 
experiments  with  mass  bubbling.  Our  results  approximate  to  those  of  Kuz’- 
mlnykh  and  Koval*  [7],  who  studied  the  Influence  of  viscosity  on  the  mass- 
transfer  coefficient  on  sieve  plates.  In  their  studies  of  the  kinetics  of  COj 
desorption  from  aqueous  glycerol  solutions  they  found  that  the  reciprocal  of 
k^a  is  proportional  to  the  viscosity  to  the  power  0.85. 

For  determination  of  the  Influence  of  bubbling  conditions  on  At,  the 
equation  [5] 


dtii 

IR 


—  (1  —A) -{-IIP 
ni 


H 


(6) 


V* 


7^  J 


A  = 


\jmHK 


was  used  to  calculate  K^Ar  for  all  the  systems  studied.  These  calculations  are  given  in  Tables  3  and  4.* 

*It  was  assumed  that  the  solubility  coefficient  H  was  the  same  for  NaOH  solutions  as  for  NaCl  solutions;  the 
same  for  Na2CC)8  solutions  as  for  NaHCOj  solutions;  and  the  same  for  NH4OH  solutions  as  for  pure  water. 

The  average  partial  pressure  of  CO2  was  calculated  with  a  correction  for  the  vapor  pressures  of  the  solutions. 
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Calculation  of  K^Ar  for  the  Systems  COj-NaOH.  COj-NH^OH.  COj-Na^O,.  Gas  Rate  0.600  liter/min.  Volume  of  Adsorbent  6 


The  first  Interesting  result  is  that  the  values  of  K^Ar  for  a  given  chemical  system  are  approximately  the 
same  under  totally  different  bubbling  conditions.  These  conditions  are  different  in  bubblers  1  and  2,  not  only  be¬ 
cause  of  the  different  gas  rates,  but  also  because  the  tubes  through  which  the  gas  passes  differ  in  diameter  and  di¬ 
rection:  in  bubbler  1  the  gas  stream  is  directed  down  into  the  liquid,  and  in  bubbler  2  it  is  directed  toward  the  in¬ 
terface.  A  second  interesting  result  is  the  ratio  of  the  values  of  K^Ar  for  different  chemical  systems  at  the  same 
temperature.  For  example,  the  Kj,At  ratio  for  the  systems  COj-NaOH  and  CO2-NH4OH  is  approximately  10  (in 
good  agreement  with  direct  kinetic  measurements).  Our  values  of  Kc^r  from  the  system  COj-Na2CC)3  also  seem 
consistent,  although  because  of  the  low  rate  of  the  chemical  reaction  in  this  case  these  calculations  are  less  reli¬ 
able  than  the  others.  The  KqAt  ratio  for  the  caustic  soda  and  sodium  carbonate  systems  respectively  at  45*  is  ap¬ 
proximately  36.  This  result  is  satisfactorily  explained  on  the  following  considerations. 

According  to  the  literature  [8, 9],  the  rate  of  reaction  of  CO2  with  sodium  carbonate  is  determined  by  the  re¬ 
action  between  CO2  and  the  hydroxyl  ions  in  the  sodium  carbonate  solution.  In  the  kinetic  Equation  (6)  applied  to 
the  system  C02~Na2C0j,  was  taken  to  be  a  constant  formally  defined  by  the  equation 


d  [COal 
dt 


AT-lNajCOal  [CO^] 


It  is  therefore  natural  that  for  the  system  C02“Na2C0s,  calculated  by  means  of  Equation  (6)  should  be 
less  than  for  the  system  C02~Na0H  in  the  same  ratio  as  the  concentration  (molar)  of  Na2C03  is  greater  than 
the  corresponding  concentration  of  hydroxyl  ions  or,  as  a  rough  apfvoximatlon,  in  the  ratio  of  their  activities  in 
these  solutions. 

Comparison  of  the  values  of  K^Ar  for  the  system  C02-Na0H  at  various  temperatures  gave  results  which 
differed  considerably  from  the  results  in  our  experiments  with  coordinated  selection  of  temperatures  and  concen¬ 
trations.  In  the  latter  case  it  was  found  that  the  temperature  coefficient  of  the  reaction  between  CO2  and  hydroxyl 

ions  is  approximately  2.  Hence  the  rate  constant  should  Increase  16- 
fold  with  a  40*  rise  of  temperature.  However,  Kj.Ar  increased  only 
2.2-fold.  It  follows  that  the  time  of  renewal  of  the  surface  layer 
At  decreased  7 -fold  between  5  and  45“,  owing  to  the  considerable 
decrease  of  viscosity,  i.e., 

•  Ax  oc  xj2. 

According  to  Van  Krevelen's  data  [10],  the  interfacial  area 
in  bubbling  absorption  is  virtually  Independent  of  viscosity.  There¬ 
fore,  the  variation  of  k^F,  which  is  given  by 


Fig.  9.  Variation  of  Ar  with  viscosity. 
A)  At  •  10^  (in  min);  B)  viscosity  (cen- 
ti  poises) 


(7) 


with  viscosity  can  be  caused  only  by  variations  of  the  effective  dif¬ 
fusion  coefficient  Dgff  and  the  renewal  time  A  r.  However,  since 
experimental  results  show  that  kLF  is  inversely  proportional  to  the  viscosity,  and  At  oc  follows  that  Dgff  is 
independent  of  viscosity,  at  least  for  practical  purposes.  This  may  seem  an  Improbable  result  at  first  sight.  How¬ 
ever,  more  careful  consideration  provides  an  explanation  which,  in  our  opinion,  does  not  contradict  the  physical 
picture.  Suppose  that  the  effective  diffusion  coefficient  is  six  times  the  molecular  diffusion  coefficient  at  5*.* 
Between  5  and  45*  the  molecular  diffusion  coefficient  increases  approximately  three -fold.  Since  at  5*  it  is  only 
1/6  of  the  effective  diffusion  coefficient,  the  latter  changes  by  a  factor  of  only  1.3  for  the  same  change  of  viscos¬ 
ity,  if  it  is  assumed  that  the  coefficient  of  turbulent  diffusion  is  indef)endent  of  viscosity.  Under  bubbling  condi¬ 
tions,  turbulent  diffusion  near  the  interface  is  associated  with  transfer  of  turbulence  between  the  phases,  and  it 
may  decrease  somewhat,  or,  in  any  event,  remain  almost  unchanged,  with  decrease  of  the  viscosity  of  the  liquid 
phase  over  a  definite  range. 


•In  reality,  it  may  be  either  larger  or  smaller  than  this  value. 
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The  results  of  the  present  investigation  are  in  agreement  with  those  of  our  previous  study  [5],  where  the 
viscosity  of  the  absorbent  was  1.2  centipoises.  The  value  Ar  =  2.5*  10“^  minute  was  found  in  that  study.  In 
the  present  investigation,  with  viscosities  of  0.65  and  1.65  centipoises,  we  found  Ar  to  be  0.92*  10  min.and 
6.6*  10  *  min. respectively.  In  a  graphical  plot  of  these  data  (Figure  9),  the  points  lie  close  to  a  curve  of  the 
form 


Ax  ==  Z?ti2, 


(8) 


If  At  is  expressed  in  minutes  and  the  viscosity  in  centipoises,  B  is  approximately  2.2. 

This  result  requires  additional  experimental  verification  and  probably  some  modification.  Preliminary 
experiments  on  mass  bubbling  showed  that  this  relationship  may  be  applicable  there  also.  It  remains  uncertain 
whether  the  equation  is  applicable  to  sieve  plates  on  which  the  foaming  regime  predominates. 

SUMMARY 

The  following  conclusions  with  regard  to  bubbling  absorption  may  be  drawn  from  the  experimental  results 
of  this  investigation. 

1.  The  time  of  renewal  of  the  surface  layer  is  independent  of  the  diameter  and  shape  of  the  orifice  through 
which  the  gas  enters. 

2.  The  time  of  renewal  of  the  surface  layer  is  independent  of  the  volumetric  gas  rate  per  orifice. 

3.  The  coefficient  of  mass  transfer  through  the  liquid  phase  is  Inversely  proportional  to  the  first  power  of 
the  viscosity  of  the  absorbent. 

4.  The  time  of  renewal  of  the  surface  layer  is  proportional  to  the  square  of  the  absorbent  viscosity. 
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THE  HYDRAULIC  RESISTANCE  OF  GRIDS 

I.P.  Mukhlenov  and  E.Ia.  Tarat 
The  Lensoviet  Technological  Institute,  Leningrad 


Sieve -plate  equipment  is  widel/  used  for  processes  of  gas -liquid  interaction.  The  hydraulic  resistance  of 
the  tray  is  one  of  the  determining  quantities  in  analysis  of  the  performance  of  existing  equipment  and  in  the  de¬ 
sign  of  new  apparatus.  Therefore,  the  hydraulic  resistance  of  sieve  plates  has  been  studied  by  numerous  investi¬ 
gators  [1-13]. 

Detailed  studies  of  the  determination  of  hydraulic  resistance  were  carried  out  by  Zhavoronkov  and  Furmer 
[4],  Usiukin  and  AkseTrod  [5],  and  by  Romankov,  Noskov  and  Sokolov  [11].  The  results  of  other  workers  are  also 
presented  and  critically  analyzed  in  these  papers.  These  investigations  revealed  the  factors  which  influence  the 
hydraulic  resistance  of  a  grid  and  of  a  gas -liquid  layer  on  the  grid.  Several  empirical  formulas  have  been  pro¬ 
posed  for  calculation  of  the  hydraulic  resistance  of  the  whole  tray,  but  these  formulas  are  somewhat  contradictory 

Most  investigators  consider  the  pressure  drop  in  the  dry  grid  APi,  and  in  the  gas -liquid  layer,  AP2.  sepa¬ 
rately.  The  total  resistance  of  the  tray  is  given  by  the  formula 


AP  =  APi  +  AP:-  (1) 

This  formula  is  somewhat  mechanistic,  and  does  not  reflect  the  fact  that  some  of  the  orifices  in  an  oper¬ 
ating  grid  are  usually  more  or  less  filled  with  liquid.  However,  Equation  (1)  is  convenient  because  it  separates 
a  complex  effect  into  simpler  components,  more  amenable  to  study. 

An  attempt  to  derive  an  equation  for  calculation  of  the  hydraulic  resistance,  with  partial  filling  of  the  ori¬ 
fices  with  liquid  taken  into  account,  yielded  equations  [13]  which  can  be  only  of  partial  value,  since  many  para¬ 
meters  which  influence  the  filling  of  the  orifices  with  liquid  [14, 15]  were  not  taken  into  consideration. 

We  studied,  consecutively,  the  hydraulic  resistance  of  a  dry  grid  and  then  the  hydraulic  resistance  of  a  tray, 
i.e.,  a  grid  together  with  the  gas-liquid  layer,  in  foaming  conditions.  The  present  communication  is  concerned 
with  the  resistance  of  dry  grids. 

The  criterial  equation  derived  earlier  [14-16]  for  the  hydrodynamics  of  a  tray  of  the  foam  apparatus  under 
foaming  conditions: 


or 


(2) 


(2a) 
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is  much  simplified  for  a  dry  grid,  since  all  the  liquid-phase  criteria  vanish;  as  a  result  we  have 

Eu=C’-Reg-H.  (3) 

analogous  to  the  equation  for  pipes  [17]. 

The  following  symbols  are  used  in  Equations  (2,  2a,  and  3):  g,  the  acceleration  due  to  gravity  (In  m/sec*); 
Wg,  the  linear  gas  velocity  in  the  apparatus  (m/sec);  y  =  pg,  the  density  of  the  gas  or  liquid  (kg/m*);  v  = 

=  p/p,  the  kinematic  viscosity  coefficient  of  the  gas  or  liquid  (mVsec  or  mVhour);  o,  the  coefficient  of  surface 
tension  of  the  liquid  at  the  gas  interface  (kg/m);  the  liquid  flow  rate  per  1  m  of  weir  length  (mVnrhour); 
hQ,  the  height  of  the  original  (unfoamed)  layer  of  liquid  on  the  grid  (m);  Dg,  the  equivalent  diameter  of  the  ap¬ 
paratus  (it  is  assumed  in  the  criteria  that  Dg  =  1.13  m);  b,  the  width  of  the  grid  (m);  m,  the  spacing  between 
the  orifice  centers  (m);  do,  the  diameter  of  an  orifice  (m);  Sq,  the  cross  section  of  the  overflow  orifice  (m*); 

Hp,  the  pressure  head,  i.e.,  the  height  of  the  foam  layer  above  the  center  of  the  overflow  orifice  (m);  B  is  a  co¬ 
efficient;  C,  the  coefficient  of  local  resistance  of  the  dry  grid;  Eu,  the  Euler  number  (in  the  cross  section  of  the 
apparatus);  Re,  the  Reynolds  number  for  gas  and  liquid;  We,  the  Weber  number;  r.  the  geometrical  criterion. 

The  criteria  Eu  and  Re^  in  Equation  (3)  include  the  gas  velocity  in  the  full  section  of  the  apparatus,  Wq. 
In  calculations  of  the  resistance  APj  of  dry  grids  it  is  usual  [4-14]  and  expedient  to  take  into  account  the  rela¬ 
tionship  between  APj  and  the  gas  velocity  Wq  in  the  orifices.  When  Wq  is  replaced  by  Wq,  Dg  in  Re^  should  be 
replaced  by  dg.  Equation  (3),  referred  to  the  grid  orifices  (subscript  0)  is  therefore  expanded  as  follows: 


It  is  known  [15]  that  the  open  section  of  the  grid  is 

S  =  A.^=:iOOA^J!^  (4) 

m2  Wf, 

where  A  is  a  coefficient  which  characterizes  the  method  of  orifice  spacing;  for  circular  orifices  spaced  in  equi¬ 
lateral  triangles,  A  =  0.91.  Therefore,  in  Equation  (3a)  m/dg  can  be  replaced  by  the  ratio  Wg/w^;  or  by  the  di¬ 
mensionless  quantity  S. 

Our  determinations  of  the  hydraulic  resistance  of  grids  were  performed  in  the  models  of  foam  equipment 
described  pareviously  [14-16, 18],  with  cross  sections  (equal  to  the  grid  areas)  of  24  to  400  cm*;  the  results  were 
also  confirmed  in  plant  equipment.  The  gas  velocity  Wq  in  the  full  section  of  the  apparatus  varied  from  0.5  to 
4.0  m/sec,  and  the  velocity  Wg  in  the  grid  orifices,  from  3  to  50  m/sec.  Manometers  were  placed  at  the  entry 
and  exit  of  the  apparatus;  these  were  used  to  determine,  first,  the  hydraulic  resistance  of  the  empty  apparatus, 
and  second,  the  resistance  of  the  apparatus  with  a  dry  grid  inserted  in  it.  The  difference  between  the  first  and 
second  determinations  gave  APi- 

The  results  of  experiments  with  grids  of  thickness  5=5  mm  are  given  in  Tables  1  and  2. 

The  experimental  data  show  that  increase  of  the  gas  velocity  in  the  full  section  of  the  apparatus  (if  S  = 

=  constant)  or  decrease  of  the  open  section  of  the  grid  leads  to  a  regular  increase  of  the  dry  grid  resistance 
(Fig.  1).  owing  to  the  increase  of  the  gas  velocity  in  the  grid  orifices.  It  follows  from  Fig.  1  that  the  resistance 
of  the  dry  grids  increases  greatly  when  the  gas  velocity  in  the  apparatus  and  the  open  section  of  the  grid  reach 
values  corresponding  to  gas  velocities  of  over  20  m/sec  in  the  orifices.  The  curves  representing  the  resistance 
of  dry  grids  begin  to  ascend  steeply  at  this  stage. 

The  experimental  results  are  plotted  in  Fig.  2  (in  logarithmic  coordinates)  in  the  form 

APi  =  aw{?.  (5) 
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Fig.  1.  Variation  of  the  resistance  of  dry  grids 
witli  the  gas  velocity  in  the  apparatus:  A)  dry 
grid  resistance  APi  (mm  H2O):  B)  gas  velocity 
wq  in  apparatus  (m/sec).  Open  section  S  of  the 
grid  (7o):  1)  7.5;  2)  10.2;  3)  11.3;  4)  12.3; 
5)17.6;  6)20.1;  7)31.5.  Model  of  foam  a ppa - 
ratus  with  86  x  86  mm  grid. 


This  graph  shows  the  measured  values  of  the  re¬ 
sistance  of  dry  grids  with  orifices  from  2  to  8  mm  in 
diameter,  open  section  S  from  5  to  40^o,  grid  thickness 
6=5  mm,  to  air  blown  through  at  16-18*,  for  different 
models  of  the  foam  apparatus. 

The  average  straight  line  in  Fig.  2  fits  the  equa¬ 
tion 

APi  =  0.09wJ,  (5a) 

i.e.,  in  Equation  (5)  the  resistance  coefficient  a  =  0.09, 
and  the  index  n  =  2. 

It  must  be  noted  that  the  value  n  =  2  was  adopted 
for  convenience  in  the  use  of  the  equation.  In  fact  the 
index  in  Equation  (5)  varied  between  n  =  1.8  to  n  = 

=  2.1  for  different  grids,  but  these  variations  are  largely 
balanced  by  simultaneous  variations  of  the  coefficient 
a  in  the  opposite  direction.  The  difference  between  the 
quadratic  relationship  (5a)  and  the  actual  relationship 
between  the  resistance  and  the  gas  velocity,  for  the 
usual  values  of  Wq  =  7-20  m/sec  is  slight,  and  may  be 
ignored  in  technical  calculations.  This  difference,  of 
course,  increases  with  increase  of  Wj  and  may  reach 
4-5  mm  H2O  at  Wq  =  30  m/sec. 

The  fact  that  the  values  of  the  resistance  deter¬ 
mined  for  different  dg,  S,  and  cross  sections  of  the 
equipment  fit  on  one  straight  line  in  Fig.  2  shows,  de¬ 
spite  the  views  of  a  number  of  investigators  [2,4, 11, 19], 
that  APi  is  independent  of  D^pp  and  dg  in  the  range  of 
dg  from  2  to  8  mm.  Therefore,  in  Equations  (3, 3a,  3b) 
f  =  0,  but,  since  APi  is  independent  of  dg,  in  Equation 
(3b)  a  -  f  =  0,  i.e.,  a  is  also  0. 


Thus,  Equation  (3)  reduces  to  a  form  normal  for  the  second  self -modeling  region: 

EUg  =  const  =  C*.  (6) 

Usually  [5,  9-11,  20]  the  hydraulic  resistance  of  grids  is  represented  by  an  equation  which  is  general  for 
all  forms  of  local  resistances  in  turbulent  motion 

AP,  =  C  (yG/2g)w?,  (7) 

where  it  is  assumed  that  the  index  n  =  2.  The  results  of  our  experiments,  expressed  in  the  form  of  Equation  (5a), 
show  that  when  air  at  18"  is  blown  through  the  grids  (xg  ~  1*22),  n  is  again  2,  and  a  =  C*  y —  0.09,  and 
hence  g  =  1.45.  From  Equations  (3,  6  and  7)  we  find  that  the  coefficient  of  local  resistance  of  the  grids  is 


C  =  2EUg. 


(8) 


It  is  clear  from  the  foregoing  that  the  main  object  of  the  experiments  is  determination  of  the  values  of 
Eug  or  of  the  coefficient  of  local  resistance  C,  as  the  other  parameters  in  the  right-hand  side  of  Equation  (7)  are 
very  easily  found. 

In  most  determinations  of  the  resistance  of  dry  grids,  air  was  blown  through  the  grids  at  room  temperature. 
The  values  of  the  coefficient  a  in  Equation  (5)  differ  considerably  in  such  determinations.  For  example,  Usiukin 


TABLE  1 


Resistance  APi  of  Dry  Grids,  for  a  Model  86  x  86  mm  in  Section  (With  Air  Blow,  t  = 
=  18“). 


Grid  characteristics 

Dry  grid  resistance  APj  (in  mm  lljO)  with  gas  velocity 
Wg  in  the  apparatus  (m/second) 

m/dg 

(mm) 

number 
of  ori¬ 
fices 

open  section 

s  r/o) 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

10/3 

80 

7.5 

16 

34 

60 

100 

144 

196 

255 

12/4 

52 

8.7 

12 

26 

48 

74 

108 

146 

190 

6/2 

217 

9.1 

10 

24 

44 

68 

98 

1.34 

174 

14,5 

39 

10.2 

9 

19 

35 

55 

80 

106 

140 

8/3 

120 

11.3 

7 

16 

28 

44 

63 

86 

112 

5/2 

294 

12.3 

6 

13 

24 

36 

53 

73 

96 

10/4 

80 

13.4 

5 

12 

18 

32 

45 

61 

77 

12/5 

52 

13.6 

5 

11 

18 

30 

43 

59 

77 

14/6 

39 

14.7 

5 

10 

17 

27 

39 

52 

68 

4/2 

421 

17.6 

3 

7 

12 

18 

26 

36 

46 

6/3 

188 

17.7 

2 

6 

11 

17 

26 

35 

45 

8/4 

120 

20.1 

2 

5 

9 

14 

20 

27 

36 

5/3 

294 

27.8 

1 

3 

4 

7 

10 

14 

19 

6/4 

188 

31.5 

2 

3 

6 

8 

10 

14 

TABLE  2 

Resistance  APi  of  Dry  Grids,  for  a  Model  200  x  60  mm  in  Section  (With  Air  Blow,  t  = 

=  18‘}. 


Grid  characteristics 

Dry  grid  resistance  AP^  (in  mm  HjO)  with  gas  velocity 
Wq  in  the  apparatus  (m /second) 

m/dg 

(mm) 

number  i 
of  ori¬ 
fices 

open  section 
S(%) 

1.0 

1.5 

m 

2.5 

B 

3.5 

4.0 

6/2 

244 

6.4 

22 

50 

85 

138 

196 

270 

14/5 

54 

8.8 

11 

26 

46 

75 

106 

140 

185 

8/3 

158 

9.3 

10 

23 

41 

65 

93 

127 

166 

12/5 

58 

9.5 

10 

22 

39 

62 

90 

120 

1  158 

5/2 

369 

9.6 

10 

22 

39 

61 

88 

120 

156 

16/7 

35 

11.2 

7 

16 

28 

44 

64 

86 

112 

14/6 

54 

12.7 

6 

12 

22 

35 

51 

69 

90 

18/8 

31 

13.0 

6 

12 

22 

34 

50 

65 

85 

12/6 

58 

13.7 

5 

11 

19 

30  1 

43 

58 

77 

8/4 

135 

14.1 

5 

10 

18 

28 

41 

56 

72 

6/3 

244 

14.4 

4 

10 

17 

27 

38 

53 

69 

5/2.5 

365 

14.9 

4 

9 

16 

25 

36 

49 

65 

10/5 

92 

15.1 

4 

9 

16 

25 

35 

48 

63 

4/2 

592 

15.5 

4 

9 

15 

23 

34 

46 

60 

10/6 

92 

21.7 

2 

4 

8 

11 

17 

22 

30 

8/5 

135 

22.1 

2 

4 

7 

10 

17 

21 

29 

6/4 

244 

25.5 

1 

3 

5 

9 

11 

16 

22 

and  Aksel’rod  [5]  and  Sobchuk  and  Surkov  [8]  found  a  =  0.12,  whereas  Romankov,  Noskov  and  Sokolov  [11], 
and  Mayfield,  Church,  et  al.  [10]  found  a  =  0.086.  Our  experiments  gave  a  =  0.09,  the  experiments  of  Kuz’- 
minykh  and  Rodionov  [12]  (with  =  1.2)  and  of  Arnold,  et  al.  [9]  gave  a  =  0.109,  etc.  In  an  attempt  to 
find  the  causes  of  these  differences,  we  studied  the  influence  of  various  factors  on  a  or  £.  The  view  advanced 
by  some  authors  [3,4, 19]  that  a  and  C  depend  on  D^pp,  dg,  and  the  distance  between  grids  was  not  confirmed 
by  our  experiments,  for  variations  of  D^pp  from  36  to  2700  mm,  of  dg  from  2  to  8  mm,  and  of  tlie  distance  be¬ 
tween  grids  from  400  to  800  mm.  Analysis  of  Equation  (3b)  shows  that  a  =  0,  and  the  gas  viscosity  ^  should 
also  be  without  any  influence  on  a  and  C. 
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Fig.  2.  Variation  of  the  resistance  of  dry 
grids  with  the  gas  velocity  in  the  orifices: 

A)  dry  grid  resistance  APi  (in  mm  H^O); 

B)  gas  velocity  in  orifices,  Wg  (m/sec). 
Different  points  correspond  to  the  follow¬ 
ing  grid  dimensions  in  model  foam  appa¬ 
ratus:  86  X  86,  60  X  40,  120  x  60  mm 
and  d  =  96  mm. 


A 


Fig.  3.  Variation  of  the  coefficient  of  lo¬ 
cal  resistance  $  with  the  grid  thickness: 

A)  coefficient  of  local  resistance  £;  B) 
grid  thickness  6  (mm). 


The  resistance  coefficient  of  slotted  grids  with  notched 
slots  1,  2,  and  3  mm  wide  may  be  assumed  equal  to  the  coef¬ 
ficient  for  grids  with  circular  drilled  orifices,  although  there 
is  some  tendency  for  the  resistance  of  slotted  grids  to  be  lower 
than  that  of  the  usual  type  of  grid. 

The  experimental  data  show  that  at  dg  =  2  mm  the  gas 
remains  in  turbulent  motion  (Eug  =  const)  witli  decrease  of  Re^ 
in  the  grid  orifices  to  400  (i.e.,  Wg  =  3  m/sec)  and  in  the  full 
section  of  the  apparatus  to  930,  whereas  in  smooth  circular 
pipes  the  transition  to  laminar  flow  occurs  at  Re^^  ~  2100.  It 
was  noticed  that  for  grids  with  large  orifices  of  dg  =  6-8  mm 
and  S  >  30^,  £  and  Eug  begin  to  decrease  at  Wg  =  3  m/sec; 
therefore,  the  value  of  Re^.^  for  the  transition  from  laminar  to 
turbulent  motion  increases  with  increase  of  dg. 

The  friction  of  the  gas  against  the  orifice  walls  depends 
on  the  orifice  outline,  wall  roughness,  and  edge  finish.  The  in¬ 
fluence  of  orifice  finish  was  studied  by  Usiukin  and  AkseTrod, 
and  is  confirmed  by  the  results  of  our  experiments.  Decrease 
of  roughness  as  the  result  of  application  of  bakelite  varnish  to 
the  grid  leads  to  a  decrease  of  a(£).  For  example,  the  resist¬ 
ance  coefficient  of  a  steel  grid  of  thickness  6=5  mm,  with 
drilled  orifices  of  dg  =  2  mm  and  S  =  lO^o,  decreased  by  25<7o 
after  application  of  a  thin  layer  of  bakelite  varnish  (the  de¬ 
crease  of  dg  caused  by  the  bakelite  film  was  rfot  taken  into  ac¬ 
count  in  the  calculation). 

In  earlier  investigations  the  grid  thickness  was  ignored, 
and  experimental  data  for  grids  of  different  thickness  were  com¬ 
pared.  In  some  cases  [9, 10]  it  was  even  erroneously  concluded 
that  the  grid  resistance  does  not  depend  on  the  grid  thickness  6. 
However,  we  had  shown  [15, 18]  that  the  grid  thickness  has  a 
significant  influence  on  the  value  of  the  resistance  coefficient  £. 

The  relationship  between  £  and  6  is  plotted  in  Fig.  3. 

The  lowest  resistance  is  found  for  grids  of  thickness  6=5  mm, 
for  which  the  resistance  coefficient  £  =  1.45.  The  grid  re¬ 
sistance  increases  both  with  decrease  and  with  increase  of  6. 

If  the  resistance  of  a  grid  5  mm  thick  is  taken  as  unity,  the 
factor  K  by  which  the  resistance  is  increased  has  the  following 
values  for  different  grid  thicknesses: 

Grid  thickness  (mm)  1  3  5  7.5  10  15  20 

Increase  factor  K  1.25  1.1  1.0  1.15  1.3  1.5  1.7 

Analysis  of  the  numerical  values  of  a  found  by  different 
workers,  and  of  their  experimental  conditions,  showed  that  the 
main  cause  of  the  apparent  contradictions  mentioned  earlier 
is  the  difference  of  grid  thickness,  the  influence  of  which  was 
not  taken  into  account. 

In  our  experiments  the  resistance  coefficient  of  a  grid 
5  mm  thick  was  a  =  0.09.  Usiukin  and  Aksel'rod  [5]  found 
that  a  =  0.12  for  6  =  0.8  mm.  Extrapolation  of  the  values  of 
the  increase  factor  gives  K  =  1.27.  Therefore,  for  6  =  5  mm, 
by  Usiukin's  data,  a  =  0.094.  The  data  of  Mayfield  et  al.  [10], 


538 


calculated  in  metric  units,  give  a  =  0.086  for  an  average  grid  thickness  of  ~6  mm.  The  results  of  Kuz'minykh 
et  al.  [12],  and  of  Arnold  et  al.  [9],  obtained  with  grids  of  average  thickness  6=2  mm,  give  a  =  0.093  for 
6=5  mm.  Romankov,  Noskov  and  Sokolov  [11]  found  a  =  0.087  for  6  =  3  mm  (i.e.,  for  the  optimum  region 
of  grid  thickness).  It  is  seen  that  the  experimental  data  obtained  by  different  workers,  when  reduced  to  the  same 
optimum  grid  thickness,  are  in  very  close  agreement,  and  the  average  value  of  a  =  0.09  (C  =  1.45)  agrees  with 
our  value. 

However,  values  of  a  obtained  under  different  conditions  are  sometimes  unjustifiably  equated  in  the  liter¬ 
ature.  For  example,  Sobchuk  and  Surkov  [8],  in  confirmation  of  their  value  for  a  =  0.12  at  6  =  5  mm,  refer  to 
the  agreement  of  this  result  with  Usiukin  and  Aksel’rod's  data  (a  =  0.12  for  6  =  0.8  mm).  In  reality,  Sobchuk’s 
data  contradict  rather  than  are  confirmed  by  the  values  of  a  obtained  by  others. 

Thus,  experimental  data  show  that  the  optimum  grid  thickness  with  regard  to  hydraulic  resistance  is  5  mm. 
This  explains  why  Mayfield,  Church  et  al.  [10]  did  not  find  that  6  had  any  influence  on  APi.  The  reason  is  that 
they  compared  the  resistance  of  grids  from  3  to  9  mm  thick,  i.e.,  with  values  of  6  differing  little  from  the  op¬ 
timum  thickness  in  either  direction;  the  usual  experimental  errors  therefore  masked  the  influence  of  grid  thick¬ 
ness  on  the  resistance. 

The  hydraulic  resistance  of  dry  grids  can  be  calculated  by  means  of  the  formula: 


APi  =  1.45K  (y(;w|/2g)mm  HjO 

(9) 

Euo  =  0.725K, 

(9a) 

where  K  is  found  from  the  data  presented  above. 

The  influence  of  Xq  in  Equation  (9)  was  verified  by  experiments  with  air  at  different  temperatures.  For 
air  at  room  temperature  (15-20*),  and  for  other  gases  with  yQ  ~  1.2  kg/m*.  Equation  (9)  becomes 

APi  =  0.09Kwq  mm  HjO  (kg/m*>.  (9b) 

When  grid  apparatus  is  used  in  foaming  conditions  -  in  foam  apparatus  -  it  is  not  necessary  to  use  gas  vel¬ 
ocities  greater  than  20  m/sec  in  the  orifices,  as  foaming  is  not  improved  thereby.  In  industrial  foam  equipment 
Wq  is  usually  between  7  and  15  m/sec,  and  the  hydraulic  resistance  of  the  grid  is  only  5-20  mm  H2O. 

SUMMARY 

1.  Analysis  of  the  criterial  equation  for  hydrodynamic  similarity  of  shelves  of  the  sieve  apparatus  yielded 
Equations  (3)  and  (3a),  characterizing  hydrodynamic  similarity  for  the  flow  of  gas  through  the  orifices  of  a  dry 
grid. 

2.  It  was  shown  experimentally  that,  contrary  to  the  views  of  a  number  of  workers,  the  hydraulic  resistance 
of  the  grid  is  independent  of  the  diameter  of  the  apparatus  or  the  diameter  of  the  grid  orifices,  over  a  wide  range 
of  these  diameters. 

3.  It  is  confirmed  that  the  grid  resistance  is  proportional  to  the  square  pf  the  gas  velocity;  i.e.,  that  the 
Euler  criterion,  characteristic  of  the  second  self -mode ling  region,  is  constant. 

4.  Equation  (9)  for  calculation  of  the  hydraulic  resistance  of  dry  grids  was  derived  from  the  results  of  ex¬ 
perimental  determinations  of  the  coefficient  of  local  resistance  for  different  grid  thicknesses. 

5.  It  is  shown  that  the  apparent  discrepancies  between  the  resistance  coefficients  determined  by  different 
workers  are  largely  due  to  the  fact  that  the  grid  thickness  was  not  taken  into  account. 
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THE  HYDRAULIC  REGIMES  WHICH  ARISE  IN  SIEVE  AND  BUBBLE-CAP  EQUIPMENT 

R.A.  Melikian 

The  S.M.  Kirov  Works  Central  Scientific  Research  Laboratory,  Erevan 

Investigation  of  the  hydrodynamic  regimes  arising  in  sieve  and  bubble -cap  equipment  is  an  important  and 
very  urgent  task.  Numerous  investigations  of  Soviet  authors,  including  that  of  Pozin,  Mukhlenov  and  Tarat  [1], 
are  devoted  to  this  problem.  Their  paper  is  also  particularly  valuable  because  it  goes  outside  the  scope  of  the 
usual  scientific  paper  and  raises  a  discussion  on  the  topic  in  question. 

The  present  paper  is  published  in  order  to  develop  this  discussion,  as  in  our  opinion  a  number  of  essential 
questions  are  wrongly  interpreted  by  these  authors. 

The  equipment  does  not  determine  the  nature  of  the  hydrodynamic  regime.  In  sieve  and  bubble -cap  equip¬ 
ment  used  in  industry,  gas  bubbles  usually  ascend  in  large  numbers  through  a  liquid  medium.  We  have  shown  [2] 
that  several  different  hydrodynamic  regimes  may  arise  in  the  process,  depending  on  the  velocity  of  the  gas  and 
the  physicochemical  nature  of  the  liquid;  the  first  regime  to  be  established  is  always  free  ascent  of  the  bubbles 
in  the  liquid  layer,  generally  described  as  the  bubbling  regime.  With  increase  of  the  gas  velocity  above  a  defi¬ 
nite  critical  value,  this  passes  into  the  streaming  or  the  foam  regime,  depending  on  the  nature  of  the  liquid  and 
the  process  conditions.  A  bubbling-streaming  or  mixed  regime,  or  a  mixed-foam  regime  may  exist  within  certain 
limits  of  gas  velocity.  Thus,  different  hydrodynamic  regimes  may  arise  in  the  same  sieve  or  bubble -cap  tower 
at  different  gas  velocities  and  with  different  liquids.  Therefore,  expressions  such  as  "the  hydrodynamics  of  sieve 
and  bubble -cap  equipment”  or  "the  hydrodynamics  of  gas  lifts"  are  erroneous  in  form  and  meaning. 

Three  streams  coexist  in  the  bubbling  process,  regardless  of  the  design  of  the  equipment.  The  authors  cited 
[1]  write:  "Melikian's  assumption  of  the  presence  of  three  coexisting  streams,  in  general  valid  with  reference  to 
narrow  gas  lifts,  is  inappropriately  used  by  him  to  explain  the  hydrodynamics  in  bubbling  and  foam  equipment." 

We  showed  by  thermodynamic  analysis  that  the  phenomenon  of  bubble  ascent  involves  the  action  of  three 
coexisting  flows  [2].  It  is  true  that  this  was  based  on  a  consideration  of  the  ascent  of  a  single  bubble,  but  a  similar 
analysis  for  groups  of  bubbles  should  lead  to  an  analogous  result  for  bubbling  conditions.  A  repetition  of  the  pre¬ 
vious  thermodynamic  analysis  would  be  superfluous  in  this  paper;  we  will  attempt  to  prove  this  point  more  clearly 
by  logical  analysis. 

Consider  a  vessel  of  any  cross  section  F,  filled  with  liquid  to  any  level  h.  When  gas  bubbles  are  introduced 
into  the  lower  part  of  the  vessel,  the  formation  of  an  ascending  flow  (the  first  flow)  of  liquid  in  the  vessel  is  inevi¬ 
table,  as  the  liquid  displaced  by  the  gas  must  move  upward  from  below.  The  intensity  of  this  liquid  flow  is  inde¬ 
pendent  of  the  number  of  bubbles;  it  depends  on  the  volume  of  gas  only.  In  this  case  the  action  of  the  bubbles  is 
analogous  to  the  action  of  a  piston  placed  in  the  bottom  of  the  vessel,  which  displaces  the  whole  column  h  of  li¬ 
quid  upward  by  a  distance  Ah  (Fig.  1). 

If  n  is  the  number  of  bubbles,  V  the  total  volume  of  the  gas,  and  F  the  cross  section  of  the  vessel,  then 
Ah  =  V/F  and  is  independent  of  m  It  is  clear  that  if  the  gas  is  introduced  cohtinuously  into  the  vessel,  the  as¬ 
cending  liquid  flow  in  the  vessel  is  also  continuous,  and  has  the  velocity 
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Fig.  1.  Vessel 
with  liquid  after 
introduction  of 
gas  bubbles:  h) 
initial  liquid  le¬ 
vel;  Ah)  change 
of  level  after  in¬ 
troduction  of  gas 
bubbles  in  the 
lower  part  of  the 
vessel. 


where  is  the  volume  of  gas  entering  the  vessel  per  second.  It  must  be  pointed  out 
that  if  the  bubbles  are  introduced  continuously  the  ascending  flow  does  not  consist  of 
liquid  only,  as  after  a  certain  time  the  bubbles  will  occupy  a  definite  fraction  of  the 
volume  of  tlie  liquid  column,  and  will  move  together  with  it.  It  is  seen  that  the  authors' 
assertion  that  "the  hydrodynamics  of  sieve  and  bubble -cap  equipment  used  in  industry 
differs  in  principle  from  the  hydrodynamics  of  gas  lifts,  primarily  by  the  absence  of  a 
stream  of  ascending  gas-liquid  mixture"  is  entirely  unfounded.  The  principle  of  action  of 
sieve  and  bubble -cap  apparatus  is  the  introduction  of  gas  bubbles  into  a  liquid  layer; 
this  inevitably  results  in  an  upward  flow  of  the  mixture,  irrespective  of  the  cross  section 
and  design  of  the  apparatus.  The  gas  bubbles  present  in  the  liquid  medium  immediately 
cause  the  formation,  by  the  action  of  Archimedes'forces,  of  a  second  flow  -  a  flow  of 
ascending  bubbles  in  a  rising  liquid  stream.  Only  the  flow  of  ascending  bubbles  is  ob¬ 
served  visually,  while  the  flow  of  ascending  liquid  remains  unnoticed.  This  often  leads 
to  errors,  as  the  displacement  of  the  bubbles  relative  to  the  walls  of  the  vessel  in  unit 
time  is  taken  to  be  the  ascent  velocity  of  the  bubbles,  whereas  it  is  the  sum  of  two  vel¬ 
ocities  -  the  velocity  of  bubble  ascent  and  the  velocity  of  flow  of  the  ascending  mix¬ 
ture.  The  velocities  of  individual  bubbles  cannot  be  determined  in  mass  ascent  of  bub¬ 
bles.  Moreover,  this  quantity  is  not  characteristic,  as  the  velocities  of  individual  bub¬ 
bles  alter  during  ascent  owing  to  changes  in  the  crowding  conditions  and  in  bubble  size. 
The  average  ascending  velocity  of  the  bubbles  over  a  given  region  is  the  most  charac¬ 
teristic  magnitude  in  the  process,  and  is  the  value  which  should  be  used. 


The  average  ascent  velocity  of  bubbles  over  a  given  region  is  given  by  the  equation 


Ws  =  Vsec/FG.  (2) 

i.e.,  the  ratio  of  the  volume  of  gas  entering  per  second  (Vgec)  to  the  fraction  of  the  cross  section  of  the  vessel 
(F(3)  occupied  by  the  gas  in  this  vertical  region. 

The  third  flow  is  the  flow  of  descending  liquid.  The  existence  of  this  flow  in  bubbling  can  be  easily 
proved  by  means  of  the  argument  used  [1]  to  deny  the  existence  of  this  flow.  The  authors  state:  "The  statistical 
average  speed  of  the  liquid  Is  such  that  the  projection  of  its  vector  on  the  vertical  axis  is  zero,  i.e.,  all  the 
vertical  pulsations  of  the  liquid  mutually  cancel  each  other."  It  was  demonstrated  above  that  an  ascending  flow 
of  gas -liquid  mixture  is  inevitable  in  the  bubbling  process,  and  therefore,  if  the  argument  is  valid,  the  liquid 
displaced  upward  by  this  flow  should  return  downward  completely  in  order  that  "all  the  vertical  pulsations  of  the 
liquid  [should]  mutually  cancel  each  other."  The  validity  of  the  authors'  argument  with  respect  to  the  bubbling 
process  is  obvious,  as  In  the  steady  process  the  level  of  the  gas-liquid  mixture  remains  unchanged.  How  and  why 
the  descending  flow  of  liquid  originates  is  discussed  in  adequate  detail  in  our  preceding  communications  [2,3]. 
The  velocity  of  this  flow  (w^^)  also  varies  along  the  height  of  the  layer  of  mixture.  Its  average  value  for  a  defi¬ 
nite  region  of  the  layer  can  be  expressed  as  the  ratio  of  the  volume  of  liquid  flowing  down  per  second  (which  is 
equal  o  Vsec)  fraction  of  the  cross  section  of  the  vessel  occupied  by  the  liquid. 


WL  =  Vsec/(F-FG).  (3) 

On  the  foregoing  considerations,  the  hydrodynamics  of  the  bubbling  process  can  be  represented  as  a  con¬ 
tinuous  ascending  flow  of  liquid  in  which  gas  bubbles  float  up  freely,  surrounded  by  a  flow  of  descending  liquid; 
i.e.,  as  a  combination  of  three  coexisting  flows.  The  velocities  of  these  flows  are  interrelated  [3]  as  follows: 

'"cmAl  -  Wcm/^)-  (4) 

The  views  of  Aksel’rod  and  Dil'man  on  the  hydrodynamics  of  the  bubbling  process  [4]  are  in  principle 
similar  to  ours;  they  consider  that  a  descending  and  an  ascending  flow  of  liquid  are  formed  in  the  process,  and 
that  these  flows  are  equal  in  each  layer.  In  confirmation,  they  cite  the  experimental  fact  that  the  liquid  is  dis¬ 
placed  both  upward  from  below  and  downward  from  above  in  the  process.  However,  their  concept  contains  cer¬ 
tain  inaccuracies.  They  write:  "The  liquid  drawn  up  from  the  bottom  of  the  bubbler  by  the  newly  formed  bub- 
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bles  is  transferred  upward  in  the  layers  between  the  consecutive  bubbles." 

We  cannot  agree  with  this.  First,  it  is  seen  that  the  bubbles  do  not  draw  up 
liquid  from  the  bottom  of  the  vessel  but  displace  it;  second,  the  whole  col¬ 
umn  of  liquid  with  ascending  bubbles,  around  which  the  returning  liquid 
flows,  is  displaced  upward.  Moreover,  the  velocity  distributions  assumed  by 
Aksel'rod  and  DiTman  for  the  descending  liquid  require  correction. 

In  accordance  with  the  action  of  gravitational  forces,  the  maximum 
velocities  are  found  at  the  boundaries  between  the  bubbles  and  the  liquid, 
while  the  velocities  decrease  within  the  depth  of  the  liquid  film  situated 
vertically  between  two  neighboring  bubbles  (Fig.  2). 

The  accuracy  of  the  quantitative  equations  for  the  flow  velocities  is 
indubitable.  Pozin,  Mukhlenov  and  Tarat  state  in  their  paper  [1]  that  "The 
speed  of  the  descending  liquid  stream  is  incorrectly  referred  to  the  whole 
cross  section  occupied  by  the  liquid,  as  part  of  the  cross  section  should  be 
referred  to  the  ascending  liquid  stream  entrained  by  the  gas  bubbles  as  the 
result  of  friction." 

We  consider  that  the  forces  of  viscous  friction  between  a  freely  as¬ 
cending  gas  bubble  and  the  liquid  flowing  around  it  are  far  from  sufficient 
for  inversion  of  the  boundary  liquid  film,  and  therefore  there  can  be  no  question  of  the  existence  of  an  ascend¬ 
ing  stream  of  liquid  drawn  up  by  the  gas  bubble  by  friction. 

This  is  easily  demonstrated  by  a  simple  experiment.  If  a  viscous  liquid  (glycerol)  is  shaken  vigorously 
with  air,  a  stable  dispersion  of  very  fine  air  bubbles  in  the  liquid  can  be  obtained.  If  large  gas  bubbles  are  passed 
through  the  disperse  system,  the  behavior  of  the  liquid  at  the  interface  can  be  studied  visually.  It  was  found  in 
such  an  experiment  that  when  a  bubble  ascends  the  boundary  liquid  layer  is  displaced  downward  only,  flowing 
around  the  bubble  from  above  (Fig.  3). 

Moreover,  Semenov  [5]  demonstrated  in  a  study  of  the  behavior  of  the  boundary  film  of  a  freely  descend¬ 
ing  liquid  in  presence  of  a  countercurrent  stream  of  gas  that  for  inversion  of  the  boundary  liquid  film  under  these 
conditions  the  velocity  of  the  countercurrent  gas  must  exceed  7.5  m/sec.  In  the  free  ascent  of  gas  bubbles,  the 
liquid  film  in  contact  with  the  ascending  bubble  meets  a  gas  stream  with  a  velocity  less  than  0.5  m/sec.  The 
velocity  of  free  ascent  of  the  gas  is  therefore  very  much  less  than  the  velocity  at  which  the  boundary  liquid  film 
can  be  drawn  upward.  Finally,  the  free  descent  of  liquid  drops  in  a  gas  has  been  observed  frequently,  but  up¬ 
ward  inversion  of  the  boundary  liquid  film  has  never  been  observed  under  such  conditions. 

In  our  opinion,  all  the  foregoing  shows  quite  convincingly  that  a  gas  bubble  under  the  action  of  gravita¬ 
tional  forces  is  incapable  of  drawing  the  boundary  liquid  film  upward,  and  therefore  the  quantitative  Equations 
(1,  2  and  3)  for  the  flow  velocities  are  exact,  and  not  only  for  gas  lifts.  However,  because  of  viscous  friction  at 
the  interface,  inversion  of  the  boundary  film  does  take  place  in  the  free  ascent  of  bubbles  in  a  liquid,  but  this  is 
inversion  of  the  gas  film  and  not  of  the  liquid  film.  It  is  known  that  liquid  viscosities  are  hundreds  of  times 
greater  than  gas  viscosities.  When  a  bubble  floats  upward,  the  frictional  forces  acting  on  the  interface  create  a 
return  boundary  flow  of  gas  directed  from  the  center  of  the  bubble  to  its  periphery,  parallel  to  the  surrounding 
flow  of  liquid.  Because  of  this,  the  ascent  of  the  bubble  is  accompanied  by  closed  circulation  of  the  gas,  lead¬ 
ing  to  a  decrease  of  its  resultant  ascent  velocity.  The  existence  of  closed  circulation  was  demonstrated  by 
Shabalin  [6],  who  observed  it  when  a  jet  of  smoke  was  introduced  into  an  ascending  air  bubble.  His  observations 
were  confirmed  by  Garner  and  Hamerton  [7].  It  would  be  very  interesting  to  determine  the  velocity  of  this  cir¬ 
culation,  since  it  would  give  an  idea  of  the  rate  of  renewal  of  the  boundary  gas  film,  but  no  method  for  theoreti¬ 
cal  or  experimental  determination  of  the  circulation  velocity  of  a  gas  is  known  at  present. 

In  our  opinion,  the  following  method  can  be  used  for  approximate  estimation  of  this  velocity. 

If  it  is  assumed  that  a  gas  bubble  ascends  in  an  ideal  liquid,  its  upthrust  is  totally  expended  in  producing 
the  velocity.  Here 
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Fig.  2.  Velocity  distribu¬ 
tion  in  the  descending  li¬ 
quid  flow. 


Fig.  3.  Direction  of  the  li¬ 
quid  flow  around  an  as¬ 
cending  bubble. 
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and  hence 


where  V  is  the  volume  of  the  bubble,  density  of  the  liquid,  is  the  density  of  the  gas,  Wq  is  the  the¬ 

oretical  velocity  of  the  gas,  6  is  the  height  of  the  gas  bubble,  and  gis  the  acceleration  due  to  gravity. 

Further,  on  the  assumption  that  the  ascent  velocity  of  a  gas  in  a  real  liquid  decreases  because  of  the  form¬ 
ation  of  a  boundary  return  gas  flow,  resulting  in  closed  circulation  of  the  gas,  the  circulation  rate  (i^  can  be  de¬ 
termined. 


(■+»>=^=v/2*(^-.)4 

▼  \  tg  ) 


where  Wj  is  the  experimental  value  of  the  ascent  velocity  of  the  bubble  in  the  liquid,  and  n  is  the  frequency  of 
circulation  per  second. 


The  presence  of  an  overflow  weir  in  the  apparatus  alters  only  the  quantitative  ratio  of  the  flows.  The  as¬ 
sertion  [1]  that  "all  the  vertical  pulsations  of  the  liquid  mutually  cancel  each  other"  is  incorrect  in 

relation  to  industrial  equipment  fitted  with  weirs  or  other  overflow  devices.  We  have  seen  that,  when  gas  bubbles 
rise  freely  in  a  liquid  layer  without  removal  of  the  liquid,  the  amounts  of  liquid  in  the  ascending  and  descending 
flows  are  indeed  equal  to  each  other,  but  if  liquid  is  removed  this  equilibrium  is  disturbed.  In  industrial  equip¬ 
ment  liquid  is  generally  fed  In  from  below,  and  removed  from  above,  through  the  overflow  weir.  In  such  cases 
the  ascending  flow  of  mixture  takes  up  not  only  the  amount  of  liquid  which  comes  down  with  the  descending 
flow,  but  also  the  amount  removed  from  the  top  of  the  apparatus.  The  nature  of  the  flows  does  not  alter,  but,  in 
contrast  to  ordinary  bubbling,  there  is  a  constant  tendency  to  reach  an  equilibrium  level  of  the  gas-liquid  mix¬ 
ture.  However,  equilibrium  is  unattainable,  since  in  equipment  with  liquid  removal  the  height  of  the  overflow 
weir  is  below  the  equilibrium  level  of  the  gas -liquid  mixture. 

A  definite  quantitative  relationship  exists  between  the  height  of  the  overflow  weir,  the  gas  rate,  the  initial 
height  of  the  liquid  layer,  and  the  amount  of  liquid  removed. 

This  relationship  follows  from  the  fact  that  when  a  gas  ascends  in  a  liquid  layer  under  equilibrium  condi¬ 
tions  the  work  of  expansion  of  the  gas  is  completely  expended  for  raising  the  descending  liquid  [2],  i.e.. 


Pi  .  K 


sec 


H 

y  •  F  I  .  d  .  ^h. 
* 


(5) 


If  some  of  the  liquid  is  removed  from  the  apparatus  in  the  process,  the  work  of  expansion  of  the  gas  must 
ensure  the  ascent  of  the  removed  as  well  as  the  descending  liquid. 

In  this  case  the  law  of  conservation  of  energy  is  expressed  as  follows: 

P 

^1  ^sec P  1  +  7Q  (//  - h), 

^  H 


where  is  the  initial  pressure  of  the  gas,  is  the  final  pressure  of  the  gas,  Vjgj,  is  the  volume  of  the  gas  fed 
in  per  second,  0  is  the  volume  of  liquid  removed  per  second,  y  is  the  density  of  the  liquid,  F  is  the  cross  section 
of  the  vessel,  H  is  the  height  of  the  gas -liquid  mixture  (overflow  weir),  and  h  is  the  initial  height  of  the  liquid. 

For  solution  of  the  integral  it  is  assumed  that  the  ascent  velocity  in  the  given  layer  has  a  certain  average 
constant  value  (Wj);  we  then  have 
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and  hence 


Q  =  -fi^sec  .  In 


(8) 


Equation  (8)  can  be  used  for  calculation  of  the  amount  of  liquid  removed,  both  in  gas  lifts  and  in  equip¬ 
ment  fitted  with  overflow  weirs,  if  the  value  of  (Wj)  is  known. 

It  is  clear  from  the  foregoing  that  Pozin,  Mukhlenov  and  Tarat  give  a  wrong  interpretation  of  the  influence 
of  the  overflow  weir  on  the  hydrodynamics  of  the  process. 

Characteristics  of  the  hydrodynamic  regime  of  the  process.  Pozin,  Mukhlenov  and  Tarat  do  not  agree  with 
our  view  that  the  flow  velocities  are  the  parameters  which  determine  the  hydrodynamic  regime,  and  ask  "what 
is  determined  in  "the  hydrodynamic  regime  of  a  gas-liquid  layer  in  sieve  apparatus”  and  give  the  answer: 
"The  determinable  parameters  of  the  regime  are  usually  considered  to  be  .  .  .  the  height  of  the  gas-liquid  layer 
H  (or  its  density  y.  Inversely  proportional  to  H)  and  the  hydraulic  resistance  AP." 

As  the  "determining  parameters"  they  give  a  whole  series  of  quantities  which  are  functionally  related  to 
H  and  AP. 


^  ^o’  ®0’ 

AP  =  fjCwQ,  i,  hjj,  Sq,  m,  Xl*  o). 

where  w  is  the  velocity  of  the  gas,  j^is  the  liquid  rate,  ho  is  the  height  of  the  overflow  weir,  *he  viscosity 
of  the  liquid,  a  is  the  surface  tension  at  the  gas -liquid  interface,  is  the  density  of  the  liquid,  and  Sq  is  the 

area  of  the  overflow  weir. 

The  authors  cite  determinations  of  these  relationships  "for  certain  bubbling  regime  conditions*  and  "in 
relation  to  the  foam  regime." 

In  the  investigations  cited  a  number  of  very  valuable  quantitative  relationships  were  established,  but  they 
related  to  problems  with  which  the  present  study  is  not  concerned,  as  these  quantitative  relationships  cannot  re¬ 
veal  the  hydrodynamics  of  the  process  under  consideration  or  shed  light  on  the  mechanism  and  possible  variations 
in  its  nature. 

In  our  opinion,  a  hydrodynamic  characterization  of  the  ascent  of  gas  bubbles  in  liquid  layers  in  any  type 
of  equipment  requires  more  or  less  exhaustive  answers  to  the  following  questions:  what  are  the  processes  which 
can  take  place  and  how  are  they  interrelated;  what  is  the  hydrodynamics  of  each  of  these  processes;  what  are 
the  hydrodynamic  quantities  which  characterize  these  processes,  and  how  do  these  processes  differ  from  each 
other? 

Pozin,  Mukhlenov  and  Tarat  reject  our  hydrodynamic  classification  [2,3],  and  propose  the  following  defi¬ 
nition  for  hydrodynamic  regimes:  "From  our  point  of  view,  this  regime  is  more  correctly  described  as  the  foam 
regime,  as  foam  is  the  accepted  term  for  a  disperse  system  consisting  of  a  gas  and  a  liquid,  irrespective  of  its 
structure." 

By  this  definition,  any  disperse  system  consisting  of  a  gas  and  a  liquid  is  a  foam  system.  Since  in  all  pro¬ 
cesses  where  gas  ascends  through  a  liquid  layer  we  have  "a  disperse  system  consisting  of  a  gas  and  a  liquid,"  it 
follows  that  the  foam  regime  is  always  present.  It  is  hardly  necessary  to  point  out  that  this  definition,  by  its 
vagueness,  can  confuse  the  problem  of  hydrodynamic  classification  of  processes  of  gas  ascent  in  liquid  layers. 
The  authors  themselves  admit  the  existence  of  a  bubbling  regime  as  distinct  from  the  foam  regime.  How  is 
bubbling  to  be  distinguished  from  foaming? 

The  hydrodynamic  regime  in  the  ascent  of  gases  through  liquids  in  any  apparatus  depends  on  numerous 
factors.  The  problem  is  to  select  the  minimum  number  of  parameters  for  the  most  complete  characterization 
of  the  given  process.  In  our  opinion  the  flow  velocities  are  the  required  parameters. 

If  it  is  accepted  in  advance  that  the  term  "bubbling”  represents  free  ascent  of  gas  bubbles  through  a  liquid 
layer,  then,  as  we  have  shown,  bubbling  is  characterized  by  the  presence  of  three  coexisting  flows  [2].  Because 
of  the  low  viscosity  of  the  gas,  the  flow  of  ascending  bubbles  is  turbulent. 


545 


An  idea  of  the  hydrodynamics  of  the  other  coexisting  flows  can  be  obtained  from  the  magnitude  of  the 
Reynolds  number.  This  cannot  be  precisely  defined  for  the  downward  flow  of  liquid.  Its  value  can  be  approx¬ 
imately  found  by  means  of  the  following  equation: 


Re 


f  H  —  h 
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In  this  expression  the  equivalent  diameter  is  replaced  by  the  ratio  (h*  6)/(H  -h),  while  the  flow  velocity 
is  assumed  to  be  V'2g6,  where  5  is  the  average  height  of  the  gas  bubbles;  h/(H  -h)  is  the  volume  ratio  of  liquid 
to  gas  in  the  layer  of  mixture,  and  gis  the  acceleration  due  to  gravity. 

in  all  cases,  including  those  in  which  the  flow  of  the  descending  liquid  around  the  bubble  is  laminar,  re¬ 
newal  of  the  boundary  liquid  film  during  bubbling  is  inevitable.  It  is  effected  after  the  liquid  has  flowed  around 
each  bubble.  Therefore,  processes  of  diffusion  and  heat  transfer  are  very  intensive  during  bubbling. 

It  has  been  shown  [3]  that  Equation  (4),  which  connects  the  flow  velocities,  determines  the  extent  of  the 
bubbling  regime,  which  lies  in  the  range  0  >  wni  /Wj  >  1,  and  that  the  critical  gas  velocity  for  the  transition 
from  bubbling  to  foaming  or  streaming  is  given  by  the  equation 

('^m  )cr  ~[(PG)max/f^]  '^s* 


On  the  first  page  of  their  paper,  Pozin,  Mukhlenov  and  Tarat  [1]  deny  both  the  existence  of  the  flows,  and 
the  determining  significance  of  their  velocities  as  hydrodynamic  parameters.  However,  this  does  not  prevent 
them  from  asserting,  on  the  third  page  of  their  paper,  what  had  been  demonstrated  by  us  by  means  of  the  above 
equation. 


They  present  this  equation  in  the  form  of  the  inequality 


Wq  >  Wjj-  (pQ, 

where  w^  is  the  velocity  of  the  gas,  equal  to  w^:  W|j  is  the  velocity  of  bubble  ascent,  equal  to  Wg;  <Pq  is  the 
fraction  of  the  cross  section  occupied  by  the  gas,  equal  to  (F(3)max/F* 

They  proceed  similarly  with  the  Inequality  (7) 

Hcr/2  <  h  or(H/Hc^>  0.5. 

[in  the  text  [3](Hcr/^<  2  is  printed  instead  of(Hcr/^<  h]. 

We  used  this  inequality  to  show  [3]  that  in  the  bubbling  regime  "the  gas  content  of  the  liquid  layer  is  al¬ 
ways  less  than  half  of  the  layer."  The  authors  state  that  (Pq  <  0.5  is  typical  for  the  bubbling  layer,  and  (PQ  > 

>  0.5,  for  the  foam  layer.  Here  <pq  is  the  volume  fraction  of  gas  in  the  liquid  layer. 

The  authors  express  <pQ  in  several  ways  ([1],  Equations  3,  4  and  5),  and  give  the  same  relationships  as  those 
given  by  us,  but  in  different  form.  ^ 

It  has  already  been  shown  [3]  that  the  equation  which  expresses  the  functional  relationship  between  the 
flow  velocities  not  only  determines  the  extent  of  the  bubbling  regime,  but  also  indicates  the  possible  directions 
of  the  transition  which  takes  place. 

We  turn  once  again  to  Equation  (4).  It  contains  three  variables,  and  represents  the  dependence  of  w^  on 
Wj^  and  Wj.  It  is  seen  that,  for  a  given  liquid,  only  the  velocity  of  the  gas  feed  (Wn^)  can  be  varied,  while  Wj 
and  wl  depend  on  w^^. 

We  see  that  when  w^j  is  increased  above  the  descending  liquid  flow  undergoes  a  sharp  qualitative 

change.  The  equation  shows  that  there  are  only  two  possibilities:  a)  the  r^tio  Wj^^/wj  remains  in  the  region 
(Wm/ws)<  1  and  wl  remains  positive,  and  b)  the  ratio  w^^/wj  passes  into  the  region(Wfj^/w^>  1  and  wl  becomes 
negative.  Experience  confirms  this  theoretical  result;  in  the  former  case  the  bubbling  regime  passes  into  the 
streaming  regime,  and  in  the  second,  into  the  foam  regime. 


546 


The  mechanism  of  the  transitions  from  bubbling  to  the  streaming  and  foam  regimes  was  briefly  con¬ 
sidered  earlier  [2];  a  small  additional  explanation  may  be  given  here. 

At  the  instant  of  transition  the  cross  section  of  the  vessel  is  physically  capable  of  accomodating  two  flows 
simultaneously.  Therefore,  either  the  descending  liquid  flow  must  give  up  the  fraction  of  the  cross  section  which 
it  occupies  and  turn  upward,  or  the  stream  of  ascending  bubbles  must  become  more  closely  packed,  releasing 
part  of  the  section  occupied  by  it. 

Inversion  of  the  descending  liquid  flow  is  rare,  as  a  necessary  condition  is  that  the  liquid  films  surrounding 
the  ascending  bubbles  must  withstand  the  hydrostatic  pressure  in  the  layer,  which  is  possible  only  in  small  layers 
of  liquid,  and  only  if  the  forces  of  surface  tension  predominate.  Usually,  and  inevitably  if  the  liquid  layers  are 
thick,  the  gas  bubbles  merge  into  a  continuous  stream  under  the  action  of  the  hydrostatic  pressure.  The  velocity 
of  ascent  of  a  continuous  stream  is  immeasurably  greater  than  that  of  single  bubbles,  and  therefore  the  bubbling 
and  streaming  regimes  alternate  in  the  same  liquid  layer  over  a  wide  range  of  velocities  of  the  gas  feed,  from 
(Wm)cr  to  ('^G)cr- 

The  streaming  regime  represents  [2]  the  simultaneous  action  of  three  concentric  flows:  the  center  con¬ 
tains  a  continuous  gas  stream,  surrounded  by  two  liquid  streams:  an  ascending  stream  resulting  from  the  friction 
between  the  gas  and  liquid,  and  a  descending  stream  resulting  from  the  action  of  gravity.  The  second  type  of 
transition  occurs  in  the  region (wm/w^ >  1,  and  therefore  wl  becomes  negative,  i.e.,  the  stream  of  descending 
liquid  is  reversed  upward. 

Flows  of  ascending  mixture,  ascending  bubbles,  and  ascending  liquid  may  act  after  the  transition.  There 
is  no  doubt  concerning  the  existence  of  flows  of  ascending  mixture  and  ascending  bubbles,  as  they  were  present 
under  the  bubbling  regime,  and  persist  under  the  new  regime.  It  is  not  clear  what  forces  could  cause  inversion 
of  the  descending  liquid  flow.  It  was  shown  above  that  the  velocity  of  bubble  ascent  is  such  that  the  force  of 
viscous  friction  between  the  ascending  gas  and  the  descending  liquid  flow  is  incapable  of  changing  the  direction 
of  the  liquid;  therefore,  other  forces  must  cause  the  inversion.  In  this  process  the  only  force  capable  of  causing 
inversion  of  the  liquid  flow  and  raising  the  liquid  with  the  ascending  gas  stream  is  the  force  of  surface  tension. 

Therefore,  the  liquid  can  ascend  with  the  gas  only  in  the  form  of  foam  films,  and  accordingly  this  is 
termed  the  foam  regime.  At  the  start  of  the  transition  foam  can  form  only  on  the  surface  of  the  layer,  as  the 
amount  of  gas  is  insufficient  to  raise  the  whole  liquid  in  the  form  of  foam  films.  Therefore,  two  regimes  must 
be  operative  in  two  different  layers  over  a  definite  range  of  Wj^,.  The  transition  is  then  completed,  and  the  foam 
regime  sets  in  throughout  the  layer  if  the  amount  of  incoming  gas  is  sufficient  to  carry  away  all  the  liquid  in  the 
form  of  foam  films. 

If  the  foam  films  are  so  stable  as  to  resist  renewal,  the  three  above-mentioned  flows  must  merge  into  one, 
into  a  flow  of  stable  (immobile)  foam. 

In  our  opinion,  further  study  of  the  hydrodynamics  of  gas  emersion  must  be  clearly  differentiated,  i.e., 
each  hydrodynamic  regime  must  be  studied  separately;  the  results  should  prove  much  more  fruitful. 

SUMMARY 

1.  In  any  type  of  apparatus,  when  a  gas  ascends  through  a  layer  of  liquid,four  different  hydrodynamic  re¬ 
gimes  may  arise,  depending  on  the  velocities  of  the  acting  streams:  a)  the  bubbling  regime,  i.e.,  free  ascent  of 
gas  bubbles  through  the  liquid  layer;  b)  the  mixed  regime,  in  which  bubbling  and  streaming  regimes  alternate 
in  the  same  liquid  layer;  c)  the  streaming  regime;  d)  the  foam  regime,  which  may  coexist  with  the  mixed  re¬ 
gime  over  a  definite  range  of  gas  velocities. 

2.  The  velocities  of  the  acting  flows  are  quite  sufficient  for  hydrodynamic  classification  of  the  emersion 
effect  in  liquid  layers,  i.e.,  for  determination  of  the  regime  of  the  process. 

3.  In  any  equipment,  including  sieve -plate  apparatus,  bubbling  represents  the  action  of  three  coexisting 

flows. 

4.  The  design  and  dimensions  of  the  apparatus  do  not  determine  the  hydrodynamic  regime  of  the  process. 

5.  The  presence  of  a  weir  or  other  overflow  devices  in  the  apparatus  cannot  alter  the  hydrodynamic  charac¬ 
ter  of  the  process,  but  influences  the  relative  flows.  In  such  cases  the  amount  of  liquid  removed  can  be  precisely 
defined  by  means  of  Equation  (8). 


LITERATURE  CITED 

[1]  M.E.  Pozin,  LP.  Mukhlenov  and  E.Ia.  Tarat,  J.  Appl.  Chom.  30,  1,  45  (1957).* 

[2]  R.A.  Mellklan,  J.  Appl.  Chem.  29.  12.  1792  (1956).* 

[3]  R.A.  Mellklan,  J.  Appl.  Chem.  30,  1,  38  (1957).* 

[4]  L.S.  Aksel'rod  and  V.V.  Dll'man,  J.  Appl.  Chem.  29,  12,  1803  (1956).* 

[5]  P.A.  Semenov,  J.  Tech.  Phys.  (USSR)  14,  7-8  (1944). 

[6]  K.N.  Shabalin,  Friction  Between  Gas  and  Liquid  in  the  Course  of  Absorption  Processes  (Metallurgy 
Press,  1945).*  • 

[7]  F.H.  Garner  and  D.  Hamerton,  Chem.  Eng.  Sci.  3,  1,  1  (1954). 

Received  May  21,  1957 


•Original  Russian  pagination.  See  C.B.  translation. 
••In  Russian. 


548 


RESONANCE  METHOD  FOR  INVESTIGATING  THE  RESISTANCE 


OF  CONCRETE  TO  CORROSIVE  MEDIA 

V.  V.  Stol’nikov 

The  problem  of  the  stability  of  concrete  in  corrosive  media  is  one  of  great  importance  in  various  branches 
of  building.  A  matter  of  special  significance  is  correct  evaluation  of  the  degree  of  corrosion  of  concrete  under 
the  action  of  an  aqueous  medium  containing  dissolved  salts,  or  having  low  hardness,  in  hydrotechnical  construc¬ 
tions.  This  factor  frequently  determines  the  choice  of  the  cement  and  the  composition  of  the  concrete,  which 
plays  an  important  part  among  the  measures  taken  in  the  course  of  planning  and  construction  of  modern  large 
hydrotechnical  works.  In  such  cases  any  unjustified  raising  of  the  specifications  for  cements  and  concretes  in¬ 
troduces  superfluous  technical  and  economic  difficulties  in  the  provision  of  cements  and  other  materials  neces¬ 
sary  for  the  production  of  concrete. 

The  existing  standards  and  tests  for  the  corrosiveness  of  water,  given  in  the  standard  specification  (N-114- 
54),  are  largely  based  on  laboratory  studies  of  the  corrosion  resistance  of  cements,  performed  by  many  investiga¬ 
tors.  Different  mediods  were  used  in  these  studies,  but  the  common  feature  of  all  of  them  is  that  they  were  per¬ 
formed  not  with  specimens  of  concrete  based  on  some  particular  cement,  but  with  various  "model"  concretes,  as 
they  are  described  by  some  authors,  or  with  cement  pastes  and  hardened  cement.  Most  of  these  investigations 
were  carried  out  by  the  method  described  in  GOST  4796-49,  which  was  the  standard  procedure  up  to  1953.  The 
concrete  "models"  used  in  this  method  are  small  porous  specimens  1x1x3  cm,  made  with  a  monodisperse 
quartz  sand  fraction  with  a  water-cement  ratio  of  about  0.35.  It  is  clear  that  such  specimens  cannot  be  used  for 
simulation  of  the  conditions  for  the  action  of  corrosive  waters,  such  as  sulfate -containing  waters,  on  concretes  of 
definite  composition  and  density.  Neither  does  this  method  provide  a  criterion  for  estimating  the  influence  of 
various  ways  of  varying  the  structure  of  concrete  on  its  stability  in  corrosive  waters,  or  take  into  account  the  in¬ 
fluence  of  certain  cement  characteristics  which  are  significant  in  relation  to  the  stability  of  real  concretes,  such 
as  the  water  requirement,  etc.  The  method  takes  no  account  of  the  possibility  of  increasing  the  density  and 
therefore  the  stability  of  concrete  based  on  a  given  cement  by  a  decrease  of  the  water -cement  ratio. 

In  view  of  the  extensive  construction  of  large  hydrotechnical  works  in  the  USSR,  there  is  now  a  definite 
need  for  the  development  of  a  new  method  for  assessing  the  corrosion  resistance  of  concretes,  in  which  the  influ¬ 
ence  of  the  structural  characteristics  of  a  real  concrete  is  taken  into  account  by  means  of  direct  tests  [1],  in  ad¬ 
dition  to  the  influence  of  the  cement  composition. 

For  this  purpose  we  carried  out  an  investigation,  jointly  with  A.S.  Gubar',  in  the  Concrete  Laboratory  of 
the  B.E.  Vedeneev  All-Union  Scientific  Research  Institute  of  Hydraulic  Engineering,  on  the  sulfate  resistance  of 
concretes  based  on  Portland  cement;  the  structural  changes  in  concrete  under  the  action  of  the  corrosive  medium 
were  characterized  by  the  variations  in  the  frequency  of  the  natural  vibrations  of  prismatic  specimens  of  concrete. 

The  method  based  on  determinations  of  the  natural-vibration  frequency  of  a  system  is  one  of  the  vibrational 
methods  used  for  investigations  of  structural  and  mechanical  changes  which  take  place  in  structurized  disperse 
systems  under  the  influence  of  various  factors.  Vibrational  methods  differ  significantly  from  static  methods  in 
that  they  largely  give  only  an  over-all,  qualitative  characterization  of  the  system,  just  as  measurement  of  the 
effective  viscosity  in  steady  flow  of  a  structurized  system  provides  an  over-all,  hydraulic  characteristic  of  flow. 

On  the  other  hand,  vibrational  (dynamic)  methods  are  usually  fairly  simple  from  the  experimental  stand¬ 
point,  and  avoid  the  difficulties  associated  with  elimination  of  the  influence  of  relaxation  processes  on  the  meas- 
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iired  instantaneous  deformations  in  cases  when  the  relaxation  time  is  fairly  short. 

The  method  based  on  determinations  of  the  natural-vibration  frequency  of  a  system,  if  used  with  a  homo¬ 
geneous  material,  makes  it  possible  to  determine  a  most  important  property  -  Young's  modulus.  When  applied 
to  such  polydisperse,  heterogeneous  systems  as  concrete,  determination  of  Young's  modulus  by  the  resonance 
method  is  somewhat  conventional,  as  the  test  conditions  correspond  to  stresses  close  to  zero.  Our  experiments 
showed  that  the  natural -vibration  frequency  of  concrete  specimens,  under  equal  conditions,  depends  on  the  tem¬ 
perature  and  the  moisture  content  of  the  concrete.  If  the  experiments  are  performed  over  a  narrow  temperature 
range  (a  few  degrees),  the  influence  of  temperature  may  be  disregarded.  If  the  temperature  of  the  specimen 
changes  appreciably  (by  tens  of  degrees)  during  the  test,  the  physicochemical  and  physicomechanical  changes 
have  a  significant  influence  on  the  vibration  frequency  of  the  concrete  specimens  [2]. 

The  elastic  properties  of  concretes  and  mixes  largely  depend  on  the  elastic  properties  of  hardened  cement, 
and  possibly  also  on  the  elastic  and  structural  properties  of  the  cement  in  the  region  of  contact  with  the  aggre¬ 
gate.  Variations  of  the  elastic  properties  of  hardened  cement  under  the  influence  of  temperature  are  the  sum  of 
the  variations  of  the  elasticity  of  individual  crystals,  superposed  on  which  is  an  increase  in  the  structural  defects 
caused  by  irregularity  of  the  thermal  expansion  of  the  individual  crystals,  and  also  by  differences  in  the  coeffi¬ 
cient  of  linear  expansion  of  the  crystals  in  different  directions. 

The  vibration  frequency  of  a  concrete  specimen  at  constant  temperature  depends  considerably  on  the 
moisture  content,  increasing  with  the  latter  within  certain  limits.  This  increase  of  the  vibration  frequency  is  as¬ 
sociated  with  the  formation  of  adsorption  layers  and  solvate  water  films  in  the  microcrevices,  and  these,  as  has 
been  shown  by  Rebinder  [3],  hinder  the  rapid  closing  of  the  microcrevices  during  microdeformations  owing  to 
the  viscous  resistance  of  the  water. 


Variations  of  the  dynamic  elasticity  modulus  of  concrete  specimens: 

A)  dynamic  elasticity  modulus  Ej  (%);  B)  time  (months);  1)  control 
specimens;  2)  Code  7,  without  additives,  W:C  =  0.50;  3)  Code  9, 
without  additives,  W:C  =  0.60;  4)  Code  16,  without  additives,  W:C  = 
=  0.70;  5)  Code  3,  without  additives,  W:C  =  0.47;  6)  Code  5,  with 
SSB,  W:C  =  0.47;  7)  Code  7,  without  additives,  W:C  =  0.50;  8) 

Code  12,  with  SNV,  W:C  =  0.54;  9)  Code  9,  without  additives,  W:C  = 
=  0.60;  10)  Code  10,  with  SSB,  W:C  =  0.54  (specimen  broke  down 
after  21  months);  11)  Code  4,  with  SNV,  W-.C  =  0.50;  12)  Code  7, 
without  additives,  W:C  =  0.50;  13)  Code  6,  with  SSB,  W:C  =  0.50. 


It  is  known  that  the  sulfate  corrosion  of  concrete  consists  of  the  reaction  of  SO4'’  anions  which  penetrate 
into  the  concrete,  with  solid  tetracalcium  hydroaluminate;  as  a  result,  a  double  salt  -  calcium  sulfoaluminate  - 
is  formed  together  with  the  Ca"  cations  of  free  lime.  The  formation  of  sulfoaluminate  is  accompanied  by  an 
increase  of  volume,  relative  to  the  initial  volume  of  the  hydroaluminate,  so  that  the  concrete  structure  is  loos- 
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TABLE  1 


Composition  of  Concrete  Mixes  Without  Additives 


Code  No. 

Composition 

W/C^ 

Cement  con¬ 
sumption 
(kg/m*) 

7 

1:  2.0:  3.5 

0.50 

338 

9 

1:  2.4:  4.2 

0.60 

284 

16 

1:  2.8;  5.0 

0.70 

245 

•Water -cement  ratio 


ened  and  numerous  structural  defects  arise  in  it  at  the  points  where  the  sulfate  anions  have  penetrated  [4,5].  It 
is  likely  that  the  region  of  contact  between  the  cement  and  the  aggregate  is  the  first  to  be  damaged  [6].  At  high 
concentrations  of  Na2S04  the  destruction  of  concrete  is  also  known  to  be  associated  with  formation  and  crystalli¬ 
zation  of  gypsum  in  the  concrete. 

On  the  foregoing  considerations  it  seems  likely  that  the  vibration  frequency  of  concrete  specimens  should 
decrease  rapidly  with  increasing  corrosion. 

Prismatic  specimens  7  x  7  x  21  cm  in  size  were  made  from  cements  of  different  compositions,  and  with 
different  water-cement  ratios,  with  ordinary  sand.  For  evaluation  of  the  structural  changes,  the  specimens  were 
kept  in  the  corrosive  media  for  different  periods,  after  which  their  resonant  vibration  frequency  was  measured 
and  the  dynamic  elasticity  modulus  calculated  [2]. 

Up  to  an  age  of  15  days  the  specimens  were  hardened  in  tap  water  at  18*.  They  were  then  placed  in  the 
corrosive  medium,  which  consisted  of  sodium  sulfate  solution.  The  dynamic  modulus  was  determined  once 
a  month  for  six  months,  and  then  once  in  two  months  during  the  following  two  years.  Among  the  problems 
studied  was  the  possibility  or  raising  the  sulfate  resistance  of  concretes  by  the  addition  of  surface -active  substances. 

The  surface -active  additives  tested  were  the  air-entraining  SNV  additive  in  the  form  of  the  abietic  resin 
proposed  by  the  Concrete  Laboratory  of  the  Scientific  Research  Institute  of  Hydraulic  Engineering,  and  sulfite -al¬ 
cohol  waste  liquor  (SSB)  from  the  Solikamsk  plant. 

The  results  of  tests  on  concrete  specimens  with  and  without  additions  of  surface -active  substances  were 
compared. 

The  compositions  of  the  concrete  mixes  without  additives  are  given  in  Table  1.  The  settling  of  a  cone  of 
the  mix  was  6  cm  for  all  the  composition.  The  maximum  aggregate  size  was  25  mm. 

A  new  characteristic  was  adopted  for  evaluation  of  the  corrosion  resistance  of  concrete  sp)ecimens  in  cor¬ 
rosive  media. 

The  corrosion  resistance  was  expressed  in  terms  of  a  coefficient  calculated  as  follows: 


^c  = 


-  /i" 

E. 


1  — 


N 


(!)• 


where  is  the  corrosion-resistance  coefficient,  Ej  is  the  dynamic  elasticity  modulus  of  control  specimens  kept 
in  a  noncorrosive  aqueous  medium,  En  is  the  dynamic  elasticity  modulus  of  the  test  specimens  after  n  months  of 
exposure  to  the  corrosive  medium,  a  is  the  permissible  relative  decrease  of  the  dynamic  elasticity  modulus  of  the 


•Equation  (1)  may  be  written  in  the  form 


f.  En-  N 

{N  —  a  •  n)-  Eq’ 
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TABLE  2 


Corrosion -Resistance  Coefficients  of  Concrete  Specimens 
Without  Additives 


Code  No. 

W:C 

Coefficient  Cc  after  time 
(months) 

10 

20 

7 

0.50 

1.00 

0.73 

9 

0.60 

0.99 

0.52 

16 

0.70 

0.91 

0.15 

TABLE  3 


Concrete  Compxjsitions 


Code  No. 

W:C 

Surface -active 

Cement  con- 

additive 

sumption 

(kg/m*) 

Series  I 

Concrete  composition  1:2:  3.5 

7 

0.50 

Without  additive 

338 

3 

0.47 

SNV 

334 

5 

0.47 

SSB 

334 

Series  II 

Concrete  composition  1 :  2.4 :  4.2 

9 

0.60 

Without  additive 

284 

12 

0.54 

SNV 

284 

10 

0.54 

SSB 

284 

TABLE  4 

Corrosion -Resistance  Coefficients 


Code  No.  and  additive 

W:C 

Coefficient  C^  after  time  (months) 

10 

20 

28 

7,  without  additive 

0.50 

1.00 

0.73 

0.45 

3,  with  SNV 

0.47 

1.04 

0.98 

0.95 

5,  with  SSB 

0.47 

1.02 

0.94 

0.87 

test  specimens  after  N  months  of  exposure  to  the  corrosive  medium,  N  is  the  time  of  exposure  of  the  specimens 
to  the  corrosive  medium  during  which  the  dynamic  elasticity  modulus  decreases  by  a. 

This  new  characteristic  not  only  provides  a  comparative  evaluation  of  the  corrosion  resistance  of  concrete 
specimens,  but  gives  an  idea  of  the  resistance  of  a  concrete  of  real  composition  in  a  corrosive  medium  as  a  func¬ 
tion  of  time.  The  permissible  decrease  of  the  modulus  was  taken  as  25^;  therefore,  the  value  of  a  was  0.25. 

The  time  N  was  taken  as  five  years,  i.e.,  60  months.  Since  the  tests  were  performed  with  &7o  Na2S04  solution, 
which  is  a  much  higher  concentration  than  that  of  the  usual  sulfate -containing  waters  met  in  building  practice, 
and  since  the  concrete  specimens  were  relatively  small  (about  1  liter  in  volume),  it  seems  likely  that  under 
these  conditions  it  would  be  possible  to  predict  the  period  of  some  tens  of  years  during  which  the  dynamic  elas¬ 
ticity  modulus  of  concrete  in  a  construction  would  decrease  by  not  more  than  25'7o.  Our  observations  showed  that 
a  decrease  of  the  dynamic  elasticity  modulus  by  25^0  is  not  accompanied  by  any  appreciable  changes  in  the  ap¬ 
pearance  of  the  specimens. 
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TABLE  5 


Corrosion -Resistance  Coefficients 


Code  No.  and  additive 

W:C 

Coefficient  Cc  after  time  (months) 

10 

20 

28 

9,  without  additive 

0.60 

0.78 

0.52 

0.35 

12,  with  SNV 

0.54 

0.98 

0.73 

0.59 

10,  with  SSB 

0.54 

0.97 

0.27 

0 

TABLE  6 


Composition  of  Concretes  of  Series  II  With  Initial  Water- 
Cement  Ratio  0.50 


Code  No. 

Concrete  com¬ 
position 

Surface -active 

additive 

Cement 

consumption 

(kg/m*) 

7 

1:  2.0  :3.5 

Without  additive 

338 

4 

1:  2.16:3.78 

SNV 

312 

6 

1 :  2.16:3.78 

SSB 

316 

TABLE  7 

Corrosion -Resistance  Coefficients.  Water-Cement  Ratio  0.50 


Code  No.  and  additive 

Coefficient  C^  after  time  (months) 

10 

20 

28 

7,  without  additive 

0.99 

0.73 

0.42 

4,  with  SNV 

1.00 

0.91 

0.79 

6,  with  SSB 

0.94 

0.45 

0.33 

If  the  corrosion -resistance  coefficient  Cq  was  equal  to  1,  this  meant  that  the  behavior  of  the  concrete 
specimen  in  the  corrosive  medium  fully  conformed  to  the  specified  condition.  If  C^  >  1,  the  specimen  is  more 
resistant  than  specified.  If  C^  <  1,  the  specimen  has  a  corrosion  resistance  below  the  specification  requirements. 

Curves  2,  3  and  4  in  the  figure  (plotted  from  average  values)  represent  the  variations  of  the  dynamic  elas¬ 
ticity  modulus  of  the  concrete  specimens  the  composition  of  which  is  given  in  Table  1.  These  curves  give  an 
indication  of  the  relative  resistance  of  concretes  in  relation  to  the  water-cement  ratio. 

Table  2  gives  the  corrosion -resistance  coefficients  C^  for  concrete  specimens  without  additives,  kept  in 
Na2S04  solution  for  10  and  20  months. 

It  is  clear  from  Table  2  that  in  these  experiments  the  resistance  of  the  concrete  after  20  months  was  al¬ 
most  five  times  as  high  if  the  water-cement  ratio  was  decreased  from  0.70  to  0.50,  and  1.5  times  as  high  on  de¬ 
crease  of  the  water-cement  ratio  from  0.60  to  0.50.  It  follows  that  the  corrosion  resistance  of  concrete  in  5*^ 
sodium  sulfate  solution  decreases  not  linearly  but  in  accordance  with  a  parabolic  law  with  increase  of  the  water- 
cement  ratio;  the  decrease  of  resistance  is  more  rapid  than  the  increase  of  the  water-cement  ratio,  especially 
in  the  0.60-0.70  range.  On  the  other  hand,  the  resistance  of  the  concrete  specimens  did  not  conform  to  the 
specified  conditions  after  20  months  of  exposure  in  the  concentrated  corrosive  solution,  with  any  of  the  water - 
cement  ratios  used,  although  specimens  with  0.50  water-cement  ratio  had  relatively  high  resistance. 

Two  series  of  specimens  were  prepared  for  investigation  of  the  sulfate  resistance  of  concretes  containing 
surface -active  additives  (Table  3). 

Series  I  consisted  of  concrete  of  constant  composition  and  consistency  of  the  mix,  equivalent  to  6  cm  (by 
cone  settling).  The  water -cement  ratio  was  decreased  when  additives  were  introduced  in  this  series.  Some  in- 
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dividual  results  of  this  investigation  are  given  below. 

The  results  of  tests,  performed  by  the  resonance  method,  of  the  sulfate  resistance  of  concrete  specimens  of 
Series  I  are  illustrated  by  Curves  5,  6,  7,  8,  9  and  10  in  the  figure. 

The  values  of  the  corrosion -resistance  coefficient  Cj,  for  specimens  of  Codes  7,  3  and  5  after  exposure  to 
Na2S04  solution  for  10,  20  and  28  months  are  given  in  Table  4. 

It  follows  from  Table  4  that  the  most  stable  specimens  under  the  test  conditions  were  specimens  containing 
SNV;  the  deviation  of  the  corrosion -resistance  coefficient  of  these  specimens  from  the  specified  value  was  only 
0.05  after  more  than  two  years  of  exposure  to  5^  sodium  sulfate  solution. 

These  specimens  proved  twice  as  resistant  as  specimens  without  additives. 

The  corrosion-resistance  coefficient  of  specimens  of  Codes  9,  12  and  10  ate  given  in  Table  5. 

Table  5  shows  that  Code  12  concrete  with  addition  of  SNV  was  the  most  resistant  of  this  group  under  the 
given  test  conditions.  The  least  resistant  was  Code  10  concrete  with  added  SSB;  specimens  of  this  concrete 
broke  down  completely  after  21  months  of  exposure  to  the  corrosive  medium.  The  resistance  of  specimens  with 
SNV  after  28  months  was  approximately  1.5-2  times  that  of  specimens  with  water-cement  ratio  0.60  (without 
additives). 

In  Series  II  the  cement  consumption  was  decreased  in  concretes  containing  surface -active  additives;  the 
water -cement  ratio  and  the  cone  settling  were  constant,  as  for  the  concrete  compositions  without  additives,  at 
0.50  and  6  cm  respectively  (Table  6). 

Variations  of  the  dynamic  elasticity  modulus  of  specimens  of  Codes  7,  4  and  6  are  shown  in  the  figure  by 
Curves  11,  12  and  13. 

The  corresponding  values  of  the  corrosion -resistance  coefficient  C^,  calculated  for  10,  20  and  28  months, 
are  given  in  Table  7. 

It  follows  from  Table  7  that,  as  in  the  preceding  experiments,  specimens  with  SNV  added  were  the  most 
stable  in  this  group.  After  28  months  of  exposure  of  the  specimens  to  Na2S04  solution  the  corrosion -resistance 
coefficient  of  these  specimens  was  almost  double  that  of  the  specimens  without  additives,  and  over  2.5  times 
that  of  the  specimens  with  SSB  added. 

The  above  results  give  an  indication  of  the  physicochemical  factors  which  caused  the  increase  of  the  cor¬ 
rosion  resistance  of  the  concretes  when  surface -active  substances  were  added. 

Whereas  the  results  in  Tables  4  and  5  might  suggest  that  the  increase  of  the  corrosion  resistance  was  largely 
the  consequence  of  the  decrease  of  the  water-cement  ratio  on  introduction  of  the  additives  (SNV  and  SSB),  com¬ 
parison  of  these  results  with  the  data  in  Table  7  shows  that  even  when  the  water -cement  ratio  is  kept  constant 
and  the  cement  content  is  decreased  accordingly  the  specimens  containing  the  air-entraining  additive  SNV  had 
a  higher  resistance  to  corrosion.  Specimens  containing  SSB,  the  principal  effect  of  which  is  to  "liquefy"  the 
cement  paste,  did  not  give  favorable  results  when  the  cement  content  was  decreased,  with  retention  of  the  ori¬ 
ginal  water-cement  ratio. 

This  result  is  in  full  agreement  with  the  results  of  our  earlier  investigations  of  the  sulfate  resistance  of 
concrete  specimens  [7]. 

Hence  it  follows  that  an  important  factor,  in  addition  to  the  decrease  of  the  water-cement  ratio,  in  increas¬ 
ing  the  corrosion  resistance  of  concrete  when  surface -active  substances  are  added  is  alteration  of  the  structure  of 
the  material  owing  to  the  formation  of  a  system  of  disconnected  spheroidal  pores  by  the  action  of  emulsified  air 
bubbles;  these  pores  hinder  capillary  absorption  and  damp  the  local  stresses  which  arise  as  the  result  of  develop¬ 
ing  sulfate  corrosion.  Since  the  emulsifying  action  of  SSB  is  slight,  the  corrosion  resistance  was  not  increased  if 
the  water -cement  ratio  was  kept  constant.  The  reason  for  the  lower  resistance  of  Code  6  specimens  relative  to 
specimens  without  additives  was  evidently  the  lower  cement  content. 

In  Code  4  specimens  (with  added  SNV)  not  only  was  any  possible  decrease  of  the  corrosion  resistance  caused 
by  the  decreased  cement  content  compensated,  but  the  resistance  was  even  higher;  it  is  easy  to  see  that  the  only 
factor  which  could  cause  this  was  emulsified  air. 
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SUMMARY 


1.  The  resonance  method  for  investigation  of  structural  changes  in  concrete  specimens  can  be  used  for  es¬ 
timation  of  the  sulfate  resistance  of  concrete. 

2.  This  is  a  new  method  in  relation  to  studies  of  the  corrosion  resistance  of  concretes  and  mixes,  and  it 
can  be  used  for  estimation  of  the  resistance  of  actual  concretes  and  mixes;  the  results  can  thus  be  extended  to 
concrete  in  constructions,  and  the  method  can  therefore  be  recommended  for  use  for  the  appropriate  practical 
purposes. 

3.  In  contrast  to  other  methods,  the  resonance  method  can  be  used  to  estimate  the  influence  of  the  water - 
cement  ratio  in  concrete  on  the  sulfate  resistance,  and  also  to  assess  the  influence  of  surface -active  additives 
directly  in  concrete  specimens. 

4.  It  was  found  that  the  decrease  of  the  sulfate  resistance  of  concrete  with  increase  of  the  water -cement 
ratio  is  nonlinear;  under  the  experimental  conditions  used  the  sulfate  resistance  decreases  more  rapidly  than  the 
water-cement  ratio  increases,  especially  in  the  0.60-0.70  range  of  water-cement  ratios.  The  significance  of 
specimen  size  was  confirmed  in  the  experiments. 

5.  The  addition  of  air -entraining  (SNV)  and  plastifying  (SSB)  surface -active  substances  to  the  mixture  in¬ 
creases  the  sulfate  resistance  of  concrete.  The  most  favorable  results  were  obtained  with  additions  of  SNV, 
which  increased  the  resistance  of  the  concrete  severalfold.  In  view  of  the  relatively  small  specimens  used  and 
the  high  concentration  of  the  corrosive  solution  it  seems  likely  that  the  favorable  effect  of  this  additive  will  be 
very  considerable  under  practical  conditions. 

6.  Emulsified,  entrained  air  is  an  imp>ortant  factor  in  the  increase  of  the  corrosion  resistance  of  concrete 

in  sulfate  waters  under  the  experimental  conditions  used.  With  addition  of  SNV  air -entraining  additive,  the  cor¬ 
rosion  resistance  was  increased  both  on  decrease  of  the  water-cement  ratio  and  on  decrease  of  the  cement  con¬ 
sumption;  this  is  of  great  practical  importance. 

7.  A  new  criterion  for  estimation  of  the  corrosion  resistance  of  concrete  in  corrosive  media  was  used:  the 
corrosion -resistance  coefficient  C^,  which  can  be  used  for  evaluation  of  the  corrosion  resistance  after  any  time 
of  exp>osure,  the  resistance  being  related  to  a  prescribed  time  during  which  a  concrete  of  practical  composition 
can  remain  in  the  given  corrosive  medium  without  significant  damage.  The  quantity  A  =  (a  •  n)/N  may  be  de¬ 
termined  more  precisely  as  the  result  of  further  investigations. 

8.  Studies  of  the  corrosion  resistance  of  concretes  of  different  comp)osition,  in  different  corrosive  media 
(by  means  of  the  resonance  method,  with  evaluation  of  the  corrosion  resistance  in  terms  of  the  proposed  new 
corrosion -resistance  coefficient)  should  provide  data  for  further  refinement  of  the  fundamental  principles  pre¬ 
sented  in  this  paper  and  for  the  formulation  of  recommended  instructions  for  application  of  the  method  to  the 
solution  of  practical  problems  in  the  construction  industry. 

In  conclusion,  the  author  expresses  his  deep  gratitide  to  A.S.  Gubar'  and  P.F.  Poliakov  for  much  help  in 
the  course  of  these  investigations. 
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THE  PROBLEM  OF  FORMATION  OF  A  SEMICONDUCTING  FILM 


IN  LEAD-BISMUTH  GLASSES  DURING  HYDROGEN  TREATMENT 

N.I.  Ananich  and  L.A.  Grechanik 
Central  Scientific  Research  Laboratory  of  Electrotechnical  Glass 


It  is  known  that  glass  at  low  temperatures  is  a  bad  conductor  of  electricity,  and  is  therefore  often  used  as 
an  insulating  material  in  many  branches  of  industry. 

Sometimes  materials  of  increased  surface  conductivity  but  high  volume  resistance  are  required  for  certain 
special  purposes.*  It  is  possible  to  obtain  glass  which  conforms  to  these  requirements.  Numerous  investigators 
have  developed  methods  whereby  glasses  with  high  surface  conductivity,  electronic  or  ionic  in  nature,  can  be 
obtained  [1-4]. 

The  most  reliable  method  for  the  production  of  a  conducting  film  of  the  required  resistance  on  glass  sur¬ 
faces  is  by  high -temperature  reduction,  in  hydrogen,  of  glasses  containing  the  oxides  of  lead,  bismuth,  antimony, 
or  combinations  of  these  oxides.  The  oxides  are  reduced  to  the  metals  in  the  surface  layers  of  the  glass.  Any 
desired  resistance  can  be  easily  obtained  because  the  surface  resistance  of  the  glass  can  be  measured  directly 
during  the  hydrogen  treatment. 

The  easy  reduction  of  the  oxides  of  lead,  bismuth  and  antimony  in  glass  to  the  metallic  state  was  initially 
used  for  decorative  purposes  only  [5].  It  is  only  recently  that  this  property  has  been  used  for  the  formation  of 
semiconducting  films  on  glass. 

There  have  been  very  few  investigations  of  the  formation  of  surface  semiconducting  films  on  glass  con¬ 
taining  these  oxides,  by  the  reduction  of  the  latter  in  hydrogen  [6,  7].  It  is  noted  in  these  papers  that  the  resultant 
conductivity  depends  in  a  complex  manner  on  the  glass  composition.  In  purely  lead  glasses,  even  with  very  high 
PbO  contents  (up  to  45  molar  ojo),  surface  resistances  of  less  than  10*  ohms  per  cm  square  could  not  be  obtained. 

It  was  found,  however,  that  the  surface  resistance  of  reduced  glass  could  be  lowered  considerably  by  the  intro¬ 
duction  of  Bi203.  Unfortunately,  no  systematic  studies  of  the  influence  of  Bi20j  on  the  surface  resistance  of 
glasses  treated  in  hydrogen  have  been  reported. 

Considerable  interest  attaches  also  to  studies  of  the  relationship  between  the  surface  resistance  of  glasses 
treated  in  hydrogen  and  the  contents  of  nonreducible  oxides,  including  sodium  oxide,  which  is  an  essential  com¬ 
ponent  of  almost  all  industrial  glasses. 

Because  of  the  importance  of  these  questions,  the  present  investigation  was  concerned  with  a  study  of  the 
influence  of  additions  of  Bi20s  and  Na20  on  the  surface  resistance  of  lead  silicate  glasses  reduced  in  hydrogen. 

The  hydrogen  treatment  was  carried  out  at  different  constant  temperatures. 

Glass  is  subjected  to  repeated  heating  in  air  in  the  production  of  electrical  vacuum  apparatus;  it  was 
therefore  necessary  to  test  the  stability  of  the  surface  resistance  of  reduced  glasses  to  repeated  heating  in  an  ox¬ 
idizing  atmosphere.  A  series  of  experiments  was  performed  for  this  purpose,  in  which  previously  reduced  glasses 
were  kept  at  380*  for  several  hours. 


•For  example,  in  certain  high-voltage  equipment  semiconducting  films  allow  surface  charges  to  leak  away 
without  dangerous  local  overcharging. 
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EXPERIMENTA  L 


The  glass  specimens  used  were  in  the  form  of  polished  plates  14  x  10  x  3  mm.  The  specimens  were  thor¬ 
oughly  washed  and  then  rubbed  with  alcohol  before  the  hydrogen  treatment.  Graphite  strips  (electrodes)  were  at¬ 
tached  to  both  sides  of  the  plate  in  such  a  way  that  the  direction  of  the  current  was  parallel  to  the  width  of  the 
specimen.  This  made  it  possible  to  disregard  tlie  volume  conductivity  of  the  glass  in  measurements  of  surface 
conductivity  at  room  temperature.  The  resistance  was  measured  by  means  of  the  "MOM-2m"  megohmmeter. 

A  special  apparatus  was  used  for  the  treatment  of  the  glass.  The  glass  specimen  was  placed  by  means  of  a 
special  holder  into  a  quartz  tube  18  mm  in  diameter,  which  was  inserted  in  a  horizontal  tubular  electric  furnace. 
The  holder  was  so  arranged  that  the  resistance  of  the  specimen  could  be  measured  during  the  treatment.  The 

specimen  was  placed  in  the  region  of  the  quartz  tube  which  was  in  the 
A  constant-temperature  zone  of  the  furnace.  The  furnace  was  then  switched 

on  and  heated  to  the  required  temperature.  The  furnace  temperature  was 

Lthen  kept  constant  by  means  of  a  three -position  astatic  control  of  the 

EPD-17  electronic  potentiometer. 

_  ,  The  initial  resistance  of  the  specimen  was  measured  and  hydrogen 

'  was  then  passed  through  the  tube.  The  resistance  was  determined  at  in- 

IV  *  tervals  during  the  treatment.  The  reduction  in  hydrogen  was  continued 

Y  until  the  resistance  of  the  glass  specimen  became  constant.  The  treated 

j  \  specimen  was  then  extracted  from  the  furnace  and  cooled.  When  it  reached 

^  o  room  temperature,  the  final  specific  surface  resistance  of  the  glass  was 

„7  ^  o  measured. 


L'— 


Fig.  1.  Effect  of  Bi208  content 
on  the  surface  resistance  of 
glasses  reduced  in  hydrogen  at 
various  constant  temperatures: 
A)  specific  surface  resistance 
(in  ohms  per  cm  square);  B) 
Bi203  content  (molar  •%).  Tem¬ 
perature  of  hydrogen  treatment 
CC):  1)  480;  2)  440;  3)  400; 
4)  380. 


Effect  of  additions  of  bismuth  oxide  on  the  surface  resistance  of 
high-lead  glass  after  hydrogen  treatment.  The  glass  used  for  investigation 
of  the  effect  of  bismuth  oxide  on  the  surface  resistance  had  the  composi¬ 
tion  32.26^  PbO,  67.74<7o  Si02  (the  glass  compositions  are  all  given  in 
molar  percentages). 

Increasing  amounts  of  PbO  were  replaced  by  Bi203  in  this  glass  in 
such  a  way  that  the  total  contents  of  the  reducible  oxides,  PbO  and  Bi20s, 
remained  constant.  Glasses  containing  from  0.1  to  3.2^0  Bi20s  were  in¬ 
vestigated. 

The  hydrogen  treatment  was  performed  at  380,  400,  440,  480*. 


, ,  ,  The  variations  of  the  surface  resistance  of  glass  with  the  percentage 

perature  of  hydrogen  treatment  ,  ..... 

(*C)-  1)  480*  2)^0-  3)  400-  content  of  B12OJ  are  plotted  in  Fig.  1.  It  is  seen  that  the  first  additions  of 

ggQ  ’  ’  '  Bi208  (up  to  0.4^^)  decrease  the  surface  resistance  of  glass  more  sharply 

than  the  subsequent  additions.  Thus,  whereas  the  introduction  of  0.4^ 
Bi20s  into  a  pure  lead  glass  lowers  the  surface  resistance  of  hydrogen - 
treated  glass  from  10*  to  10^  ohms  per  cm  square  (i.e.,  by  two  orders  of  magnitude),  further  increase  of  the  81203 
content  to  O.syo  only  reduced  the  resistance  to  5*  10*  ohms  per  cm  square. 

The  same  graph  also  shows  that  the  final  value  of  the  surface  resistance  of  all  the  glasses  studied  depends 
on  the  treatment  temperature,  the  surface  resistance  being  lower  with  lower  treatment  temperatures.  Films  with 
resistances  ranging  from  2’  10*  to  2*  10*  ohms  per  cm  square  were  obtained  by  hydrogen  treatment  of  this  series 
of  glasses. 

The  variations  of  the  surface  resistance  of  the  glasses  in  the  course  of  treatment  are  plotted  in  Fig.  2.  The 
resistance  of  the  glass  specimens  are  given  for  a  treatment  temperature  of  380*. 

In  calculations  of  the  specific  surface  resistance  of  the  glass  from  the  total  resistance  it  was  assumed  that 
the  volu.me  conductivity  of  the  glass  remains  constant  during  the  experiment,  and  retains  the  same  value  as  be¬ 
fore  the  hydrogen  treatment,  when  the  surface  conductivity  is  almost  zero. 

It  follows  from  Fig.  2.  that  with  increasing  content  of  81203  in  lead  glass  (from  0.1  to  3.2^)  the  rate  of  de¬ 
crease  of  the  surface  resistance  during  hydrogen  treatment  increases  with  increasing  81203  content;  each  81303 
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Fig.  2.  Variations  of  the  surface  resist¬ 
ance  of  glasses  with  different  Bi203  con¬ 
tents  during  hydrogen  treatment  at  380“: 
A)  specific  surface  resistance  of  the 
glass  (in  ohms  per  cm  square);  B)  dura¬ 
tion  of  hydrogen  treatment  (hours). 

Bi2C)5  contents  (molar  ^o):  1)  0.0;  2) 
0.1;  3)0.2;  4)0.8;  5)1.6;  6)3.2. 


content  corresponds  to  a  quite  definite  minimum  value  of  the 
surface  resistance,  which  cannot  be  decreased  further  to  any 
practical  extent  by  further  increase  of  the  treatment  time. 

As  already  stated,  it  is  impossible  to  obtain  a  surface  re¬ 
sistance  below  10®  ohms  in  a  glass  in  which  the  only  reducible 
oxide  is  PbO.  Since  the  introduction  of  only  0.27o  Bi203  de¬ 
creases  the  resistance  of  the  glass  after  treatment  under  the 
same  conditions  by  two  orders  of  magnitude,  it  may  be  assumed 
that  Bi203  favors  the  formation  of  glasses  of  lower  resistance  by 
preventing  the  aggregation  of  the  reduced  lead  atoms. 

Electrical  vacuum  apparatus,  for  which  glasses  with  semi¬ 
conducting  films  are  often  required,  is  subjected  to  the  action  of 
high  temperatures  during  manufacture  and  even  in  service;  we 
therefore  studied  the  effects  of  repeated  heating  on  the  surface 
resistance  of  glasses  reduced  in  hydrogen.  Previously  reduced 
specimens  were  held  for  a  long  time  (5-10  hours)  in  an  electric 
furnace  at  380“  in  air.  The  specimens  were  then  cooled  to  room 
temperature  and  their  resistance  was  measured.  It  was  found 
that  the  surface  resistance  of  reduced  glasses  increases  after  such 
treatment,  the  increase  being  greater  for  lower  81303  contents  in 
the  glass.  With  0.1 -0.2^0  81303  in  the  glass  the  resistance  in¬ 
creased  10-fold  after  10  hours  of  treatment,  whereas  with  0.8-3.2'yo 
Bi203  the  increase  was  two-  to  threefold. 
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Fig.  3.  Surface  resistance  of  glasses 
with  different  81303  content  after  treat¬ 
ment  in  hydrogen  only  (continuous 
curve),  and  after  additional  exposure  to 
air  for  10  hours  at  380“  (dashed  curve): 
A)  specific  surface  resistance  of  the 
glass  (in  ohms  per  cm  square);  8)  81303 
content  (molar 


Variations  of  the  surface  resistance  of  glasses  after  addi¬ 
tional  heating  are  shown  in  Fig.  3,  where  the  continuous  curve 
represents  the  variation  of  surface  resistance  with  the  81303  con¬ 
tent  of  glasses  reduced  at  380“  in  hydrogen,  and  the  dash  curve 
represents  the  resistance  of  the  same  glasses  after  they  had  been 
heated  at  the  same  temperature  in  air  for  ten  hours. 

It  was  also  found  that  during  the  heating  in  air  the  resist¬ 
ance  increases  more  rapidly  at  first,  and  the  rate  then  diminishes. 
The  resistance  of  specimens  which  had  already  been  heated  for 
ten  hours  at  380“  increased  only  1.2  to  1.5 -fold  during  the  sub¬ 
sequent  20  hours.  The  increase  of  the  resistance  of  hydrogen - 
treated  glasses  after  exposure  to  high  temperatures  in  air  can 
probably  be  attributed  to  the  oxidation  of  part  of  the  reduced 
lead.  Additions  of  81303  have  a  favorable  effect  in  this  case 
also,  by  stabilizing  the  surface  resistance  of  the  glass. 

Effect  of  Na30  on  the  surface  resistance  of  lead-bismuth 
glasses  reduced  in  hydrogen.  To  determine  the  influence  of 
Na20  on  the  conductivity  of  the  surface  films  formed  by  the  re¬ 
duction  of  lead -bismuth  glasses,  a  series  of  glasses  with  gradually 
increasing  contents  of  sodium  oxide  was  investigated.  The  basic 
glass  was  one  studied  previously,  of  the  following  composition 
(<7o):  67.67  Si02,  31.56  PbO,  0.8  81303.  Various  amounts  of  Na20 
(from  0.5  to  4^0)  were  introduced  into  this  glass  in  place  of  8103. 
The  glasses  with  added  Na20  were  treated  in  hydrogen  at  380“ 
as  described  above. 


The  variations  of  the  surface  resistance  of  the  reduced  glasses  with  tlie  Na20  content  are  plotted  in  Fig.  4. 
Addition  of  0.5%  Na20hasa  negligible  effect,  but  further  increases  of  the  content  of  this  oxide  in  the  lead-bis¬ 
muth  glass  produce  a  steady  increase  of  the  surface  resistance.  For  example,  the  surface  resistance  is  increased 
100-fold  by  the  introduction  of  4%  Na20 into  the  original  glass.  Thus,  even  a  relatively  low  content  of  Na20  in 
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lead-bismuth  glass  prevents  the  formation  of  glasses  of  increased  sur¬ 
face  conductivity. 

Glasses  of  increased  surface  conductivity  cannot  always  be  used 
for  the  direct  production  of  complex  glassware.  In  such  cases  the  glass 
to  be  reduced  can  be  used  in  the  form  of  a  coating,  applied  in  powder 
form  on  the  surface  of  the  article  while  it  is  still  being  blown.  The 
glass  coating  is  then  subjected  to  the  usual  hydrogen  treatment.  Our 
first  experiments  in  this  direction  have  yielded  quite  satisfactory  re¬ 
sults. 


SUMMARY 

1.  Investigations  of  the  effect  of  81203  content  on  the  surface  re¬ 
sistance  of  lead-bismuth  glasses  reduced  in  hydrogen  showed  that  with 
additions  of  0.1  to  3.2  molar  of  Bi20|  glasses  with  specific  surface 
resistances  from  2*  10*  to  10*  ohms  per  cm  square  can  be  made. 

2.  The  surface  resistance  of  reduced  lead-bismuth  glasses  is  in¬ 
creased  severalfold  when  the  glass  is  subsequently  heated  in  air.  The 
surface  resistance  of  the  glass  becomes  more  stable  with  increase  of 
the  81303  content. 

3.  Investigation  of  the  influence  of  Na{0  on  the  surface  resistance  of  lead-bismuth  glasses  reduced  in  hy¬ 
drogen  showed  that  additions  of  sodium  oxide  increase  the  resistance  of  the  semiconducting  film  formed  during 
reduction  of  the  glass. 

4.  In  some  cases  it  is  more  appropriate  to  use  the  reducible  glass  in  the  form  of  a  coating. 
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Fig.  4.  Variation  of  the  surface 
resistance  of  reduced  glasses  with 
the  NaiO  content  during  hydrogen 
treatment  at  380*:  A)  specific 
surface  resistance  of  the  glass  (in 
ohms  per  cm  square);  B)  Na20 
content  of  the  glass  (in  molar  ^). 
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ANODE  OVERVOLTAGE  AND  MECHANISM  OF  ANODIC  DISCHARGE 
IN  THE  ELECTROLYSIS  OF  A  CRYOLITE-ALUMINA  MELT 

V.P.  Mashovets  and  A. A.  Revazian 
The  All-Union  Aluminum  and  Magnesium  Institute 


Different  viewpoints  have  been  held  on  the  mechanism  of  the  anode  process  in  the  electrolysis  of  cryolite - 
alumina  melts. 

It  may  be  postulated  that  the  potential-determining  process  is  the  direct  discharge  of  oxygen -containing 
anions  (O**,  AlO^  or  AlOs')  on  carbon,  considered  as  an  inert  material,  with  liberation  of  oxygen,  while  the 
formation  of  CO  and  CO2  is  a  secondary,  purely  chemical  process.  In  this  case  the  decomposition  potential  of 
alumina  should  be  2.12-2.17  v,  and  the  back  emf  of  1.6-1.85  v  observed  in  industrial  cells  must  be  attributed  to 
a  decrease  of  the  partial  pressure  of  oxygen  as  the  result  of  its  combination  with  carbon. 

On  the  other  hand,  the  direct  participation  of  carbon  in  the  anode  process  with  formation  of  CO}  or  CO 
may  be  assumed: 


2AI2O3  +  3C  4A1  +  300} 
or 

AI2OJ  +  3C  — ►  2A1  +  3C0. 

The  decomposition  potential  would  then  be  1.10  or  0.95  v  respectively,  and  the  higher  back  emf  observed  in 
practice  must  be  attributed  to  overvoltage. 

Frumkin  and  his  associates  [1]  showed  in  a  series  of  papers  that  the  potential  of  the  carbon  electrode  in 
aqueous  solutions  is  determined  by  chemisorbed  oxygen,  combined  in  the  form  of  intermediate  oxides  of  carbon 
of  the  CxO  type.  This  concept  is  in  full  harmony  with  the  modern  theories  of  carbon  combustion  [2].  RempeT 
and  Khodak  [3]  explained  the  anode  overvoltage  in  the  electrolysis  of  cryolite -alumina  melts  by  the  retarded 
decomposition  of  such  oxides. 

Preliminary  experiments  showed  that  the  anode  overvoltage  in  cryolite -alumina  melts  consists  of  two  com¬ 
ponents:  the  inertialess  component  f(i),  which  varies  rapidly  with  change  of  current  density,  and  the  inertia 
component  ^(i),  which  varies  very  slowly.  Fig.  1  shows  the  variation  of  the  voltage  of  the  electrolytic  cell  with 
increase  of  the  anode  current  density  from  0.1  to  0.7  amp/cm*  and  subsequent  decrease  to  0.1  amp/cm*,  under 
conditions  in  which  cathodic  polarization  could  be  neglected.  The  increase  of  the  voltage  over  the  region  ^ 
and  the  corresponding  decrease  over  the  region  c^are  considerably  greater  than  the  change  of  voltage  required 
to  overcome  ohmic  resistance;  they  also  include  the  inertialess  overvoltage.  Over  the  regions  ^or  however, 
the  anode  potential  still  changes  slowly  to  a  stable  value  corresponding  to  the  new  current  strength. 

It  was  shown  by  an  oscillographic  method  that  the  inertialess  component  of  the  overvoltage  changes  al¬ 
most  instantaneously,  in  less  than  0.0005  second. 

Recently  Haupin  [4]  also  detected  the  existence  of  two  polarizations  -  a  rapidly -decreasing  (in  less  than 
0.001  second)  and  a  slowly -decreasing,  but,  like  ourselves,  he  was  unable  to  separate  them  quantitatively  by 
the  oscillographic  method. 
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Fig.  1.  Variation  of  cell  volt¬ 
age  after  increase  of  the  anode 
current  density  from  0.1. to  0.7 
am  p/cm*  and  corresponding 
decrease:  A)  voltage  (v);  B) 
time  (minutes). 


The  long  time,  lasting  tens  of  minutes,  required  for  the  electrode 
potential  to  become  established  after  alteration  of  the  current  strength 
accounts  for  the  fact,  well  known, in  the  literature,  that  the  measurements 
of  the  decomposition  potential  of  cryolite -alumina  melts  with  carbon 
anodes  are  not  reproducible.  We  therefore  changed  the  usual  method  for 
construction  of  the  I-v  curve. 

In  prolonged  electrolysis  at  current  strength  (anode  current  den¬ 
sity  ii)  the  voltage  which  becomes  established  in  the  cell  is 

^i  =  ^o  +  /(‘i)  +  ?(ii)  — +  (1) 

where  Ej  is  the  reversible  decomposition  potential,  f(ii)  and  <?(ii)  are  re¬ 
spectively  the  inertialess  and  the  inertia  components  of  anode  overvoltage, 
rjf.  is  the  cathode  overvoltage,  and  £is  the  ohmic  resistance  of  the  cell. 

If  the  current  strength  is  then  changed  to  (anode  current  density  j'x  ^  i|) 
and  the  new  voltage  is  measured  immediately  (within  5-10  seconds), 
we  have 

=  ^'o  +  /  (/i)  4  <p  («,)  -  -ic  (2) 

when  the  inertia  overvoltage  </)(ii)  has  not  yet  undergone  any  appreciable 
change  during  the  time  of  measurement.  Thus,  by  prolonged  electrolysis 
at  current  strength  I^,  varied  for  brief  intervals  to  Ij,  Ii,  Ifi  etc.,  and  then 
returned  each  time  to  Ij,  we  find  a  series  of  values  for  Uj,  UJ*,  Uj",  etc., 
for  which  the  values  of  Eq  and  <^(ii)  are  constant.  Graphical  extrapolation 
of  Ui  to  I?  =  0  gives 


Fig.  2.  Cell  for  measurement 
of  decomposition  potential: 

1)  sintered  corundum  tubes;  2) 
graphite  anode;  3)  steel  beak¬ 
er;  4)  graphite  plug;  5)  car¬ 
bonaceous  packing;  6)  alu¬ 
minum  cathode. 


+  =  (3) 

This  may  be  regarded  as  the  quasiequilibrium  potential  to  a  disconnected 
graphite  electrode  the  surface  of  which  is  saturated  with  C^O  oxides  to  a 
state  corresponding  to  the  current  density  i^  of  the  prolonged  electrolysis, 
measured  relative  to  an  aluminum  electrode  if  the  latter  is  not  stably 
polarized. 

Similarly,  if  prolonged  electrolysis  is  performed  at  other  current 
densities  i2.  is.  etc.,  and  these  are  briefly  changed  to  jj,  y\  .  .  .  j'3,  j"s  .  .  . 
etc.,  we  find  a  series  of  values  ir2,  its,  etc.  Extrapolation  of  the  values  of 
ffi.  ^2.  Tr3  to  1  =  0  gives  ito  =  uJ  =  Eq.  If  the  reversible  decomposition 
potential  Eg  is  known.  Equation  (3)  can  be  used  to  find  the  inertia  components 
of  the  overvoltage,  </’(i3)  ...  at  different  current  densities  i^ 

of  the  prolonged  electrolysis. 


The  electrolytic  cell  (Fig.  2)  consisted  of  a  piece  of  sintered  corundum  tube,  plugged  at  the  lower  end 
with  a  graphite  plug,  sealed  in  with  a  carbonaceous  mixture  which  was  then  baked.  The  cell  was  inserted  in  a 
steel  beaker,  which  also  served  as  the  conductor  to  the  cathode.  A  graphite  anode  11  mm  in  diameter  was  closely 
inserted  into  the  sintered  corundum  tube,  so  that  only  the  end  face  of  the  anode  was  operative;  this  ensured  a 
fairly  uniform  current  density  on  the  anode.  The  anode  was  placed  at  the  requiredinterelectrode  distance  by 
means  of  a  micrometer  screw.  Aluminum,  which  acted  as  the  cathode,  was  introduced  into  the  cell.  The  cath¬ 
ode  area  was  20.6  times  the  anode  area;  cathode  polarization,  which,  as  is  known,  is  very  low  [5,  6],  could  thus 
be  disregarded.  The  electrolyte  was  cryolite  saturated  with  alumina.  The  temperature  was  980-990*. 

Data  from  several  experiments  with  different  current  densities  i^  in  prolonged  electrolysis  are  presented  in 
Table  1;  the  cell  voltages  U  measured  during  brief  changes  of  the  current  density  to  2  are  given. 

The  results  of  all  the  experiments  are  plotted  in  Fig.  3  (the  groups  of  curves  are  shifted  along  the  U  axis  to 
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TABLE  1 


Cell  Voltages  U  During  Brief  Change  of  the  Anode  Current  Density  j,  for  Different 
Current  Densities  in  Prolonged  Electrolysis 


Experiment 

No. 

Interpolar 
distance  (cm) 

I 

(amp/cm*) 

U  (in  v)  at  different  j  (amp/cm*) 

0.1 

0.2 

0.4 

0.6 

0.8 

1.0 

3 

.*3.6 

0.1 

1.55 

1.85 

2.44 

2.75 

3.65 

4 

3.0 

0.1 

1.35 

1.45 

1.62 

1.71 

1.98 

2.16 

8 

0.3 

0.5 

1.62 

1.70 

1.90 

2.10 

2..32 

2.56 

9 

6.0 

O.B 

1.72 

1.94 

2.45 

2.91 

3.33 

3.73 

10 

7.7 

0.8 

1.75 

1.90 

2.2G 

2.65 

3.05 

3.45 

11 

3.0 

0.8 

1.68 

1.80 

2.05 

2.30 

2.53 

2.78 

13  • 

3.0 

0.8 

1.23 

1.35 

1.60 

1.87 

2.15 

— 

•Anode  saturated  with  hydrogen. 


TABLE  2 


Extrapolated  Values  of  the  Decomposition  Potential  U°  and  the  Inertialess 
Overvoltage  </>(i)  at  Different  Current  Densities  of  Prolonged  Electrolysis 


Experi¬ 
ment  No. 

^x* 

current  den¬ 
sity  of  pro¬ 
longed  elec- 
trotysis  J 
(amp/cm  ) 

Inter- 

electrode 

distance 

(cm) 

0 

Ux 

extrapolatec 
(in  v) 

T  (i)  =  I/",  - 
-  ul 

(in  V) 

Back  emf 
by  Lozhkin' 
data  [9] 

(in  V) 

1 

0.05 

2.7 

1.15 

0.04 

1.10 

2 

0.05 

7.2 

1.14 

0.03 

1.10 

3 

0.1 

5.5 

1.23 

0.12 

1.24 

4 

0.1 

3.0 

1.25 

0.14 

1.24 

5 

0.2 

2.5 

1.34 

0.23 

1.34 

6 

0.2 

3.7 

1.30 

0.19 

1.34 

7 

0.4 

2.0 

1.46 

0.35 

1.46 

8 

0.5 

0.3 

1.52 

0.41 

1.49 

9 

0.5 

6.0 

1.50 

0.39 

1.49 

10 

0.8 

7.7 

1.56 

0.45 

1.565“'' 

11 

0.8 

3.0 

1.54 

0.43 

1.565  • 

12 

1.0 

5.5 

1.59 

0.48 

1..59  • 

•Interpolated  values. 


TABLE  3 

Calculation  of  the  Overvoltages  f(i)  and  </>(i) 


Experiment  I 

Experiment  II 

increments 

41 

0.0-0. 1 

Ai 

0. 1-0.2 

£ 

increments 

o 

o 

1  £: 
o 

to 

a 

0.2-0.8 

£ 

A/(i) . 

0.20 

0.13 

0.33 

A/(0  .  .  . 

0.35 

0.17 

0.52 

A<p(t)  .... 

0.18 

0.11 

0.29 

A<f{r)  .  .  . 

0.27 

0.06 

0.33 

1 . 

0.38 

0.24 

0.62 

V 

0.62 

0.23 

0.85 
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TAllLR  1 

Inertialess  and  Inertia  Overvoltages,  f(i)  and  Determined  by  Two  Methods 


Current 

density 

(amp/cm‘ 

Anode  potential  (in  v) 

Overvoltage 

Ditto,  from  Table  3 

^  graphite 

graphite 
saturated 
with  Hj 

/(l) 

9(i) 

/«) 

f  (i) 

0.1 

1.49 

1.36 

0.25 

0.18 

0.20 

0.18 

0.2 

1.73 

1.46 

0.35 

0.27 

0.34 

0.28 

0..T 

1.96 

1.66 

0.56 

0.30 

0.52 

0.33 

0.5 

2.25 

1.85 

0.74 

0.40 

— 

— 

0.7 

2.55 

2.10 

0.99 

0.45 

— 

_ 

0.8 

2.67 

2.20 

1.09 

0.47 

— 

_ 

0.9 

2.79 

2.29 

1.18 

0.50 

— 

— 

avoid  overlapping).  In  most  cases  the  plots  are  linear,  so  that  extrapolation  to  j  =  0  is  easy;  the  resultant 
values  of  U®  are  summarized  in  Table  2.  The  values  of  U®  for  the  same  l^are  in  good  agreement  in  each  pair  of 
experiments.  Thus,  at  a  given  current  density  i^  of  prolonged  electrolysis  the  anode  enters  into  a  certain  stable 
state  and  acquires  a  stable  quasiequilibrium  potential  tr^  =  U^,  which  is  determined  by  the  composition  of  the 
adsorbed  intermediate  oxides  of  the  CxO  type.  It  is  interesting  to  note  that  the  anode  potential  was  unaffected 
even  when  the  interelectrode  distance  was  decreased  to  0.3  cm.  This  confirms  the  view  of  Rempel'  and  Khodak 
[7]  that  a  "metallic  fog”  has  no  "depolarizing"  effect  on  the  anode,  and  is  in  agreement  with  our  observations 
in  measurements  of  cell  emf  in  cryolite -alumina  melts  [8]. 

The  values  found  for  are  in  excellent  agreement  with  the  values  of  the  back  emf  determined  by  Lozh- 
kln  in  electrolysis  [9],  given  in  the  last  column. 

Extrapolation  of  U®  to  i^  =  0  (Fig.  4)  gives  U®  =  1.11  v,  in  agreement  with  the  theoretical  decomposition 
potential  Eg.  The  inertia  component  of  the  overvoltage  (/>(ix)  for  different  current  densities  ix  of  prolonged  elec¬ 
trolysis  is  found  as  the  difference  U®  ~U®  (Table  2). 

On  the  hypothesis  that  this  part  of  the  overvoltage  is  due  to  slow  decomposition  of  the  intermediate  CxO 
oxides  at  the  anode,  we  attempted  to  eliminate  these  oxides,  and  hence  the  (/>(i)  component  of  the  overvoltage, 

by  saturating  the  anode  with  hydrogen.  A  channel  3 
mm  in  diameter  was  drilled  axially  through  the  anode, 
and  dried  hydrogen  was  blown  through  it  during  the 
whole  experiment.  The  results  of  one  such  experiment 
(No.  13)  are  given  in  Table  1.  It  was  found  that,  ir¬ 
respective  of  the  current  density  ^  of  the  prolonged 
electrolysis,  extrapolation  of  the  j— U  curves  to  j  =  0 
always  gives  the  constant  value  U®  =  1.12  v,  which  is 
in  good  agreement  with  the  thermodynamic  value  of 
the  decomposition  potential. 

If,  in  Table  1,  we  compare  Experiments  11  and 
13,  performed  at  the  same  current  density  and  with 
the  same  interelectrode  distance,  we  see  that  satura¬ 
tion  of  the  anode  with  hydrogen  decreases  the  voltage 
by  0.43-0.45  v,  which  corresponds  to  the  <^(i)  over¬ 
voltage  for  i  =  0.8  amp/cm*.  This  shows  that  satura¬ 
tion  with  hydrogen  does  in  fact  break  down  the  CxO 
oxides  and  eliminates  the  v>(l)  overvoltage. 

These  experiments  were  followed  by  direct  de¬ 
terminations  of  the  anode  potential  on  closed  circuit, 
with  separation  of  the  overvoltage  into  the  inertia 
component  (/’(i)  and  the  inertialess  component  f(i). 


Fig.  3.  Cell  voltage  U  in  relation  to  the  briefly  de¬ 
creased  current  density  j^,  at  different  current  densi¬ 
ties  i^  of  prolonged  electrolysis:  A)  current  density 
j[(amp/cm*);  B)  voltage  U(v).  The  numbers  on  the 
curves  conespond  to  the  experiment  numbers  in 
Tables  1  and  2. 
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Fig.  4.  Values  of  Ux  ex¬ 
trapolated  from  Fig.  3, 
and  extrapolation  to  the 
decomposition  potential 
U®:  A)  current  density 
(amp/cm*):  B)  voltage 

U  (V). 


Fig.  5.  Cell  for  measure¬ 
ment  of  anode  potential: 

1)  sintered  corundum  tubes; 

2)  graphite  anode;  3) 
graphite  head;  4)  graphite 
plug;  5)  carbonaceous 
paste;  6)  cathodic  alumi¬ 
num;  7)  aluminum  in  sin¬ 
tered  corundum  crucible 
(reference  electrode);  8) 
molybdenum  wire. 


The  electrolytic  cell  (Fig.  5)  consisted  of  a  sintered  corundum  tube,  11  mm 
in  internal  diameter,  closed  from  below  with  a  graphite  plug.  A  widened 
graphite  head  was  fitted  to  the  top  end,  the  joints  were  packed  with  a  carbona¬ 
ceous  paste,  and  the  cell  was  baked  in  a  Kryptol  furnace. 

The  graphite  anode  was  Inserted  firmly  into  the  sintered  corundum  tube, 
and  fixed  at  a  distance  of  2-3  mm  from  the  top  edge  of  the  lower  tube.  The 
cathodic  aluminum  was  put  into  the  lower  tube;  the  current  passed  to  it 
through  the  graphite  plug.  This  arrangement  ensured  that  the  current  density 
at  the  electrodes  was  uniform.  The  upper  wide  head  contained  a  small  sintered 
corundum  crucible  containing  aluminum,  which  served  as  the  reference  elec¬ 
trode.  Its  potential  was  measured  by  means  of  a  molybdenum  wire.  Correc¬ 
tions  were  introduced  for  the  drop  of  potential  in  the  anode  and  in  the  electro¬ 
lyte  from  the  anode  surface  to  the  top  edge  of  the  lower  tube.  The  latter  cor¬ 
rection  is  A  =  iip;  if  the  specific  resistance  of  the  electrolyte  p  =  0.5 
ohm/cm,  and  the  width  of  the  gap  between  the  anode  and  the  tube  edge  I  = 

=  0.2  cm,  we  have  A  =  0.1  where  i^is  the  current  density. 

The  experiment  with  a  fresh  anode  was  commenced  by  electrolysis  at 
current  density  0.7-0.8  amp/cm*  for  30-40  minutes.  The  current  was  then 
switched  off  until  a  steady  anode  potential  tto  =  1.11  v  was  reached.  This  en¬ 
sured  that  the  state  of  the  anode  was  constant.  The  current  was  then  switched 
on  at  a  density  of  0.1  amp/cm*,  and  the  potential  (1.31  v)  was  measured  im¬ 
mediately;  the  potential  then  increased  during  20-25  minutes  and  reached  a 
steady  value  of  1.49  v;  the  current  density  was  raised  to  0.2  amp/cm*,  the 
potential  of  1.62  v  was  recorded,  and  the  potential  then  rose  gradually  to  1.73  v. 

In  a  second  similar  experiment  tto  =  1.11  v;  current  was  passed  at  0.2 
amp/cm^  the  potential  at  the  first  instant  was  1.46  v,  and  then  rose  to  1.73  v; 
the  current  density  was  raised  to  0.3  amp/cm^;  the  initial  potential  was  1.90  v, 
and  the  value  then  rose  to  1.96  v. 

These  results  were  used  to  find,  by  subtraction,  the  increments  of  the 
inertialess  Af(i)  and  the  Inertia  A</>(i)  components  of  the  overvoltage;  and  by 
summation  of  the  increments,  the  overvoltages  themselves,  f(i)  and  (/>(i),  for 
each  current  density;  the  results  are  given  in  Table  3. 

At  higher  current  densities,  the  overvoltages  f(l)  and  </>(i)  were  deter¬ 
mined  by  measurements  of  the  anode  potential  with  and  without  saturation  of 
the  graphite  with  hydrogen.  The  difference  between  the  measured  potentials 
gave  the  overvoltage  v>(i),  and  the  inertialess  overvoltage  f(i)  was  given  by 
subtraction  of  1.1  v  from  the  potential  of  the  hydrogen-saturated  anode. 

The  results  are  given  in  Table  4,  which  also  includes  average  results 
from  Table  3  for  comparison. 

Comparison  of  the  last  two  methods,  and  also  of  the  values  of  (/>(l)  in 
Table  4  with  the  values  obtained  from  j -U  curves  (Table  2),  shows  good 
agreement. 

The  inertia  overvoltage  can  be  represented  by  the  equation 

</>  (i)  =  0.50  +  0.37  log  i,  (4) 

as  is  clear  from  Fig.  6.  We  shall  return  to  this  equation  later. 

The  inertialess  overvoltage  corresponds  to  the  empirical  equation 

f(i)  =  1.3i®-®,  (5) 
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as  is  evident  from  Fig.  7,  which  is  plotted  in  logarithmic  co¬ 
ordinates  for  greater  clarity.  Theoretical  interpretation  of  Equa¬ 
tion  (5)  is  difficult. 

The  direct  participation  of  carbon  in  the  electrode  process 
may  be  assumed  from  the  results  of  our  emf  measurements  of  gal¬ 
vanic  cells  in  cryolite -alumina  melts  [8].  In  the  same  way,  dis¬ 
charge  of  oxygen -containing  ions  in  electrolysis  takes  place  with 
the  participation  of  carbon  as  an  electromotoractive  material. 


Fig.  6.  Inertia  component  (/>(i)  of  the 
overvoltage  as  a  function  of  log  current 
deasity:  A)  inertia  component  of  over¬ 
voltage  (i)  (v);  B)  logi.  Experimental 
points:  1)  from  Table  2;  2)  from  Table 
4;  straight  line  based  on  Equation  (4). 


At  very  low  current  densities  the  discharge  proceeds  at  the 
most  active  regions  of  the  graphite  surface,  with  formation  of 
carbon  dioxide  only.  Depending  on  the  composition  of  the  oxy¬ 
gen-containing  ions,  this  process  can  be  represented  by  the  equa' 
tions: 


202-  4-  c  ->  GOa  -f  4c, 


4A10.7  4-  C  -»■  COa  f  2AI2O.,  4-  4c 
or 

V.iAIO^-  4-  G  —  GOa  -f  ^/^AljOa  4  4c. 

The  anode  potential  is  close  to  the  value  of  the  reversible  po¬ 
tential,  1.11  V. 

Two  types  of  overvoltage  arise  with  increase  of  current 
density.  One  of  these,  the  inertialess  f(i),  we  attribute  to  pro¬ 
cesses  in  the  liquid  part  of  the  electric  double  layer.  Whatever 
the  nature  of  the  dissociation  of  the  cryolite  and  alumina,  the 
melt  has  a  higher  concentration  of  fluorine -containing  than  of 
oxygen-containing  anions.  The  mobilities  of  the  former  are 
probably  also  higher;  therefore,  they  play  the  principal  role  in 
the  transfer  of  current.  Anodic  discharge  is  effected  by  the  oxy¬ 
gen-containing  anions.  Because  of  this,  the  negative  layer  of 
the  double  layer  at  the  anode  consists  predominantly  of  fluorine- 
containing  ions.  To  be  discharged,  the  oxygen -containing  ions  must  break  through  the  screen  of  fluorine -con - 
taining  ions.  They  must  receive  additional  activation  energy  for  this;  they  obtain  it  from  the  overvoltage  f(i). 
Since  the  double  layer  is  formed  or  changed  almost  instantaneously,  this  part  of  the  overvoltage  is  inertialess. 
Incidentally,this  shows  that  it  must  not  be  identified  with  concentration  polarization. 


Fig.  7.  Inertialess  component  f(i)  of  the 
overvoltage,  in  logarithmic  coordinates. 
Points  from  Table  4;  straight  line  based 
on  Equation  (5)  or  logf(l)  =  0.114  + 

+  0.8  logi. 


The  second,  inertia  part  of  the  overvoltage  v>(i)  is  caused  by  the  fact  that  carbon  dioxide,  initially  formed 
at  the  most  active  regions  of  the  carbon,  is  adsorbed  and  blocks  these  regions.  Since  the  desorption  of  COj  is 
slow,  as  the  current  density  increases  the  discharge  is  transferred  to  less  active,  more  perfectly  crystallized  re¬ 
gions,  where  intermediate  chemisorption  oxides  are  formed  as  primary  products: 


02-  4-  jG  G,0  -f  2« 
or 


2AIO7  4-  tG  -►  G^O  4-  AI2O3  4-  2e. 

These  oxides  are  adsorbed  on  the  graphite  and  make  it  passive;  the  discharge  extends  to  increasingly  less 
active  regions  with  formation  of  progressively  less  stable  oxides,  and  the  overvoltage  <^(i)  increases. 

Equation  (4)  is  characteristic  of  processes  associated  with  activation 

(1)  =  a  4-  1.  In  i  =  0.50  -f  0.37i. 

2  F 
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The  fractional  valence  *4  in  the  denominator  of  the  prelogarithmic  coefficient  is  evidently  due  to  the 
Intermediate  character  of  the  C^O  oxides. 

These  oxides  subsequently  decompose,  with  liberation  of  CO2  and  formation  of  even  lower  oxides  CyO  (y  > 
>  x),  which  are  held  in  the  adsorbed  state.  It  is  thus  possible  that  the  only  primary  gaseous  product  is  CO2.  It 
Is  possible,  however,  that  the  decomposition  proceeds  according  to  the  equation 

CxO  ->  (2x  -  1)  CO  +  (1  -  X)  CO2 


when  0.5  <  x  <  1,  or  even 


CxO  -*  yCO  +  0.5(1  -y)C02  +  [x  -0.5(y  +  1)]C 


when  X  >  1. 

Since  the  decomposition  of  the  sorption  complexes  Is  slow,  the  overvoltage  <^(i)  is  of  the  inertia  type  and 
is  retained  for  a  long  time  on  the  electrode,  even  after  the  current  is  switched  off.  Hence  the  potential  tTx  = 

=  ffo  +  ‘/’(i)  regarded  as  the  quasistable  potential  of  an  anode  the  surface  state  of  which  corresponds  to 

the  current  density  ix  of  the  preceding  prolonged  electrolysis.  This  state  Is  determined  by  the  composition  and 
stability  of  the  adsorbed  CxO  oxides. 

The  overvoltage  <^(i)  cannot  be  ascribed  to  concentration  polarization,  since  It  would  in  that  case  be  de¬ 
stroyed  by  the  passage  of  hydrogen.  It  appears  that  hydrogen  catalytically  decomposes  the  intermediate  oxides 
witli  liberation  of  active  carbon: 

C,0  +  H2 -►  tG -h  II2O),  (x>0.5) 

II  >0  +  C  II2  +  CO2. 

The  discharge  proceeds  on  this  activated  carbon  with  direct  formation  of  CO2  without  the  overvoltage  </>(i), 
which  is  Itself  destroyed  thereby.  The  inertialess  overvoltage  f  (i),  associated  with  processes  in  the  liquid  part 
of  the  double  layer,  is  not  removed  by  the  passage  of  hydrogen. 

Adsorption  of  the  intermediate  oxides  passivates  the  anode,  and  at  a  certain  current  density  a  potential  is 
reached  which  is  sufficient  for  discharge  of  fluorine -containing  ions.  At  this  stage  there  begins  the  discharge 

4F"  +  C  CF4  +  4e 
or 


4AlFr  +3C  4AIF5  +  3CF4  +  12e. 

During  the  anode  effect  over  20^o  of  carbon  tetrafluorlde  appears  in  the  anode  gases  [10].  The  formation 
of  CF4  is  the  consequence  and  not  the  cause  of  anode  passivation. 

In  former  theories  of  the  electrolysis  of  cryolite -alumina  melts  the  possible  participation  of  carbon,  as  an 
electromotoractive  substance,  in  the  anode  process  was  not  considered,  as  carbon  ions  are  unknown  both  in  solu¬ 
tions  and  in  melts. 

In  the  suggested  mechanism  the  direct  participation  of  carbon  In  the  electrochemical  process  is  postulated, 
but  it  is  nevertheless  unnecessary  to  assume  the  presence  of  free  carbon  ions. 

Carbon,  like  silicon  or  germanium,  should  be  regarded  as  a  semiconductor,  widi  extrinsic  electronic  or 
hole -type  conductivity  at  low  temperatures  [11].  Impurities  of  group  V,  such  as  phosphorus  or  arsenic,  having 
more  than  four  valence  electrons,  may  act  as  electron  donors  and  confer  electronic  conductivity  to  graphite. 
Impurities  with  small  numbers  of  valence  electrons  (aluminum,  magnesium,  iron)  may  act  as  electron  acceptors 
and  confer  hole -type  conductivity  to  the  semiconductor.  It  is  therefore  understandable  that  at  low  temperatures 
there  are  no  carbon  ions  In  the  graphite  lattice,  and  graphite  behaves  as  an  inert,  insoluble  anode. 
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At  700-800*  electrons  In  semiconductors  may  pass  from  the  space  charge  region  Into  the  conductance  re¬ 
gion;  the  semiconductor  acquires  its  own  electronic  productivity.  At  this  stage  certain  carbon  atoms  are  con¬ 
verted  Into  Ions,  while  retaining  their  position  in  the  crystal  lattice.  Participation  of  these  Ions  In  the  electro¬ 
chemical  process  does  not  require  their  transition  from  the  graphite  lattice  into  the  melt. 

The  total  anode  process 

20*'  +  C  CO,  +  4e 

(or  the  process  with  participation  of  A10£  or  AlO,'  anions)  occurs  in  the  following  stages: 

^  ^?on  in  lattice) 

2)  +  20*'  -►  CO, 

or,  in  more  general  form 

1)  xC  -»•  f  2c 

2)  xC^/*+  +  02-  -►  C*0 

with  subsequent  purely  chemical  decomposition  of  the  intermediate  oxides. 

Thus,  the  discharge  of  oxygen -containing  ions  occurs  precisely  at  the  active  regions  of  the  graphite  surface 
which  are  occupied  by  ionized  carbon.  The  ionization  of  carbon  takes  place  in  the  most  defective  zones  of  the 
crystal  lattice. 

SUMMARY 

1.  The  overvoltage  at  the  graphite  anode  in  the  electrolysis  of  cryolite -alumina  melt  is  composed  of  two 
quantities:  the  inertia  overvoltage  ^(i)  and  the  inertialess  overvoltage  f(i). 

2.  The  thermodynamic  decomposition  voltage  of  alumina  and  the  inertia  component  ^(i)  of  the  overvolt¬ 
age  were  determined  by  means  of  a  modified  method  of  plotting  I-v  curves.  It  is  shown  that  the  inertia  compo¬ 
nent  of  the  overvoltage  is  eliminated  when  the  anode  is  saturated  with  hydrogen. 

3.  The  inertialess  component  f(i)  of  the  overvoltage  was  determined  by  direct  measurements  of  the  anode 
potential  with  and  without  saturation  with  hydrogen. 

4.  Both  quantities,  f(i)  and  ^(i).  are  expressed  as  functions  of  current  density.  The  inertialess  overvoltage 
is  attributed  to  processes  involved  in  the  formation  of  the  liquid  part  of  the  electric  double  layer,  and  the  inertia 
component  is  attributed  to  adsorption  and  retarded  decomposition  of  intermediate  carbon  oxides  of  the  type  CxO 
at  the  anode  surface. 

5.  A  mechanism  is  suggested  for  the  discharge  of  oxygen-containing  anions  on  graphite  with  participation 
of  carbon  ions  contained  in  the  graphite  crystal  lattice  in  ^e  electrochemical  process. 
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THE  EFFECT  OF  A  COMBINED  ADDITION  OF  GLUE,  6-NAPHTHOL 
AND  ANTIMONY  ON  THE  EL  EC  T  RO  D  E  PO  S I T  ION  OF  ZINC 


A. I.  Levin,  A.V.  Pomosov,  E.E.  Krymakova  and  V.I.  Falicheva 
The  S.M.  Kirov  Urals  Polytechnic  Institute 


Numerous  investigations  of  the  mechanism  of  action  of  surface -active  substances  in  the  electrodeposition 
of  metals  have  revealed  some  very  close  and  diverse  relationships  between  the  adsorption  effects,  which  depend 
on  the  charge  of  the  metal  surface,  and  the  effectiveness  of  the  additive. 

The  additive  normally  used  in  electrolytic  zinc  plants,  operating  the  low-acid  (standard)  process,  for  the 
production  of  good  compact  zinc  deposits  is  glue.  Its  optimum  concentration  is  10-15  mg/liter,  which  may  be 
raised  to  25  mg/liter  if  the  content  of  harmful  impurities  in  the  solution  is  increased. 

However,  later  Investigations  have  shown  that  there  are  surface -active  substances  which  are  considerably 
superior  to  glue  in  their  effectiveness  [1].  A  combined  additive  consisting  of  glue,  8-naphthol,  and  antimony 
is  an  agent  of  this  type. 

The  present  investigation  was  an  attempt  to  determine  electrode  polarization,  adsorption  conditions,  and 
nature  of  the  adsorption  layers  in  presence  of  the  combined  additive  and  of  its  individual  components. 

EXPERIMENTAL 

The  action  of  the  combined  additive  was  studied  both  in  laboratory  and  in  plant  conditions. 

The  laboratory  experiments  were  confined  to  a  study  of  polarization  in  the  electrodeposition  of  zinc  in 
presence  of  the  combined  additive  and  of  its  individual  components.  The  polarization  was  investigated  in  "stan¬ 
dard"  zinc  electrolyte  solutions  containing  (in  g/liter):  Zn  50  (as  ZnS04),  H2SO4  100. 

The  amounts  of  surface -active  substances  were  varied  in  different  combinations  and  concentrations. 

The  electrolyte  was  prepared  from  distilled  water  and  chemically  pure  zinc  sulfate  and  sulfuric  acid. 
Carpenter’sglue  was  used,  and  was  added  in  colloidal  form  to  the  electrolyte.  The  8-naphthol  was  previously  dis¬ 
solved  in  caustic  soda.  Antimony  was  added  in  the  form  of  a  readily  soluble  salt,  namely  K(Sb0)C4H405  (tartar 
emetic). 

All  the  experiments  were  performed  in  a  thermostat  with  automatic  temperature  control.  Polarization 
curves  were  plotted  at  32  and  42*.  The  cathode  used  in  die  cell  for  the  study  of  polarization  was  a  smooth  plat¬ 
inum  plate  6  cm*  in  area;  before  the  experiments  the  platinum  was  thoroughly  cleaned  and  coated  with  electro¬ 
lytic  zinc  (at  D^,  =  2  amps/dm*).  To  maintain  the  electrolyte  composition  constant,  the  platinum  anodes  were 
also  coated  with  thick,  compact  layers  of  zinc.  The  potential  of  the  polarized  cathode  was  measured  relative  to 
a  saturated  calomel  electrode  (0.248  v  on  the  hydrogen  scale).  The  emf  was  measured  by  means  of  a  mirror 
galvanometer  and  a  RAPS  potentiometer. 

The  electrolytes  were  used  only  once  in  the  experiments  on  the  action  of  additives;  fresh  solutions  were 
prepared  for  subsequent  experiments.  Certain  difficulties  arose  in  the  determinations  of  the  equilibrium  poten¬ 
tials  in  acid  solutions,  owing  to  the  rapid  dissolution  of  zinc.  In  such  cases  the  determinations  of  the  polariza¬ 
tion  curves  were  commenced  at  I  =  50-100  ma.  The  potential  of  the  zinc  electrode  in  absence  of  current  had 
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Fig.  1.  Variations  of  cathode  polarization  with 
current  density  and  additions  of  glue  to  a  zinc 
electrolyte  containing  50  g  Zn  (as  ZnS04)  per  li¬ 
ter:  A)  current  density  (amps/m*);  B)  cath¬ 
ode  polarization  Av’  (v).  Curves;  1)  without 
additions;  2)  20  mg  glue  per  liter;  3)  20  mg 
glue  and  100  mg  H2SO4  per  liter. 


Fig.  2.  Variations  of  cathode  polarization  with 
current  density  and  the  presence  of  various  ad¬ 
ditives  in  a  zinc  electrolyte  containing  50  g  Zn 
(as  ZnS04)  per  liter:  A)  current  density 
(amps/m^):  B)  polarization  A</>  (v).  Additions 
(in  mg/liter):  1)  no  addition;  2)  10  of  6-naph- 
thol;  3)  20  of  6 -naphthol;  4)  10  of  6-naphthol, 
0.4  of  Sb;  5)  20  of  6-naphthol,  0.04  of  Sb,  20 
of  glue. 


to  be  measured  immediately  after  determination  of 
the  polarization  curve;  this  could  not  fail  to  affect  the 
reproducibility  of  the  results. 

The  influence  of  additives  was  studied  not  only 
in  pure  solutions  of  zinc  sulfate,  but  also  in  presence  of 
impurities  most  likely  to  be  found  in  the  process  (co¬ 
balt  and  manganese  ions). 

In  plant  conditions,  the  influence  of  the  com¬ 
bined  additive  was  studied  directly  in  the  commercial 
cells.  The  results  were  compared  with  data  obtained 
in  neighboring  cells  -  "standards." 

Variations  of  the  electrode  potential  and  cathode 
polarization  with  temperature  and  current  density  in 
pure  solutions  containing  50  g  of  Zn  and  100  gof  H2SO4 
per  liter  are  given  in  Table  1. 

Comparison  of  the  values  of  electrode  polariza¬ 
tion  at  different  temperatures  shows  that  at  45*  the  zinc 
electrode  potentials  were  more  electropositive  than  at 
35*. 


This  shift  of  the  electrode  potential  in  the  posi¬ 
tive  direction  with  increase  of  temperature  may  be  at¬ 
tributed  to  increased  activity  of  the  zinc  ions. 

The  addition  of  glue  both  to  acid  and  to  neutral 
zinc  electrolytes  produces  a  considerable  increase  of 
the  cathode  polarization  (Fig.  1).  It  is  seen  that  the 
addition  of  glue  produces  a  particularly  large  increase 
of  polarization  in  solutions  containing  free  acid. 

Tlie  influence  of  6-naphthol  on  cathodic  polari¬ 
zation  of  zinc  is  shown  in  Fig.  2;  it  is  seen  that  the 
electrode  polarization  changes  very  little  on  addition 
of  6-naphthol.  In  neutral  solutions,  this  additive  even 
has  a  depolarizing  effect. 


Since  a  combined  additive  consisting  of  glue, 

antimony  and  6-naphthol  is  usually  recommended  for  the  electrolysis  of  zinc  sulfate  solutions  containing  cobalt 
as  an  impurity,  it  was  of  considerable  interest  to  determine  the  cathodic  polarization  in  presence  of  6-naphthol 
in  an  electrolyte  deliberately  contaminated  with  cobalt.  The  results  of  these  determinations  are  presented  in 
Fig.  3. 


The  results  show  that  the  electrode  potential  of  zinc  in  neutral  solutions  containing  6-naphthol  is  shifted 
in  presence  of  cobalt  ions  in  the  negative  direction  relative  to  the  corresponding  potentials  in  zinc  sulfate  solu¬ 
tions  free  from  cobalt.  However,  the  depolarizing  effect  of  6-naphthol  decreases  with  increasing  current  density 
and  cobalt  content. 


The  addition  of  20  mg  of  6-naphthol  per  liter  to  an  acid  "standard"  electrolyte  containing  15  mg  cobalt 
per  liter  leads,  even  at  relatively  high  current  densities,  to  a  slight  shift  of  the  cathode  potential  in  the  positive 
direction. 

Thus,  in  all  cases  6-naphthol  has  a  depolarizing  action  in  zinc  sulfate  solutions  (see  Curve  6,  Fig.  3). 

The  action  of  additions  of  antimony  in  the  cathode  process  of  zinc  deposition  requires  special  considera¬ 
tion.  It  was  long  believed  that  antimony  is  a  particularly  dangerous  impurity  in  zinc  electrolytes  [2].  However, 
it  has  recently  been  shown  experimentally  that  additions  of  readily  soluble  compounds  of  antimony  in  definite, 
very  low  concentrations,  facilitates  the  stripping  of  cathodic  zinc  from  aluminum  starting  sheets  [3].  Because  of 
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TABLE  1 

Cathode  Polarization  in  the  Deposition  of  Zinc  from  a  Solution 
Containing  50  g  of  Zn  and  100  g  of  H2SO4  per  Liter,  as  a  Func¬ 
tion  of  Current  Density  and  Temperature 


Dc 

(amps/m*) 

t  =  3.S® 

t  =  4.5° 

n 

[polarization) 

Afp 

fi 

(polarization) 

A(p 

0 

-0.808 

—0.808 

84 

—0.864 

0.056 

—0.849 

0.041 

125 

—0.869 

0.061 

— 

— 

167 

-  0.871 

0.063 

—0.862 

0.054 

251 

—0.877 

0.069 

—0.870 

0.062 

.S3r> 

—0.880 

0.072 

—0.876 

0.068 

418 

—0.882 

0.074 

—0.880 

0.072 

602 

—0.884 

0.076 

—0.884 

0.076 

586 

—0.887 

0.079 

—0.889 

0.081 

670 

—0.891 

0.083 

—0.893 

0.086 

752 

—0.893 

0.085 

—0.896 

0.088 

835 

—0.898 

O.OfK) 

—0.897 

0.089 

this  effect,  antimony  is  now  specially  added  in  the  form  of  a  solution  of  tartar  emetic  to  the  electrolyte  in  all 
our  national  plants,  in  order  to  produce  the  so-called  "separating  layer"  and  to  prevent  difficult  stripping.  More¬ 
over,  antimony  added  together  with  glue  and  d-naphthol  ensures  the  formation  of  especially  good  quality  zinc 
deposits  at  high  current  efficiencies  [1], 

All  these  facts  emphasize  the  importance  of  studies  of  the  mechanism  whereby  antimony  influences  the 
electrodeposition  of  zinc. 

The  results  of  a  study  of  the  electrode  polarization  of  zinc  in  presence  of  antimony  are  plotted  in  Figs  4 

and  5. 

Examination  of  Fig.  4  shows  that  under  certain  conditions  antimony  has  a  depolarizing  effect  in  the  dis¬ 
charge  of  zinc  ions.  A  very  Important  fact  is  that  the  depolarizing  effect  increases  with  increasing  content  of 
tartar  emetic  in  the  solution.  At  the  same  time,  visual  observations  show  that  the  presence  of  antimony  in  very 
small  and  strictly  limited  amounts  favors  the  formation  of  particularly  dense  microcrystalline  deposits. 


Fig.  3.  Variations  of  cathode  polarization  in  an  electrolyte  containing 
50  g  Zn  (as  ZnSO^)  per  liter,  and  contaminated  with  cobalt;  A)  current 
density  (amps/m*);  B)  cathode  polarization  A</>  (v).  Additions  (in 
g/liter):  1)  no  addition;  2)  100  H2SO4:  3)  5  Co;  4)  15  Co;  5)  15  Co, 
20  6-naphthol;  6)  100  H2SO4,  15  Co,  20  B-naphthol;  7)  100  H2SO4,  20 
6  -naphthol. 
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Fig.  4.  Influence  of  the  presence  of  antimony 
in  the  electrolyte  on  the  cathodic  polarization 
of  zinc;  A)  current  density  (amps/m*);  B) 
cathode  polarization  A</>  (v).  Solution  con¬ 
tained  50  g  ZnSO^  per  liter.  Antimony  added 
(in  mg/liter);  1)  no  addition;  2)  0.02;  3) 
0.05;  4)  0.075;  5)  0.1;  6)  0.2. 


and  demonstrated  the  effectiveness  of  the  additive, 
and  the  current  efficiency  with  respect  to  zinc  rose 


Before  a  discussion  of  the  mechanism  of  the  action 
of  antimony,  it  was  desirable  to  determine  its  influence 
when  present  together  with  glue  and  S-naphthol  in  the 
solution.  The  results  of  determinations  of  electrode  p)o- 
tentials  and  polarization  in  presence  of  all  these  additives 
are  plotted  in  Fig.  5.  For  comparison,  the  values  of  polar¬ 
ization  and  cathode  potential  in  solutions  without  the  ad¬ 
ditives,  and  in  presence  of  glue  only,  are  also  given. 

Considerations  of  the  magnitude  and  nature  of  the 
shifts  of  the  electrode  potentials  in  the  simultaneous  pre¬ 
sence  of  all  three  additives  showed  that  their  effects  are 
not  merely  additive.  It  is  evident  that  there  is  a  more 
complex  interaction  between  the  components  of  the  addi¬ 
tive. 

Experiments  in  Plant  Conditions 

Trials  of  the  combined  additive  under  plant  condi¬ 
tions  (in  the  electrolytic  unit  of  the  Cheliabinsk  Zinc 
Plant)  confirmed  the  results  of  the  laboratory  investigations 
The  quality  of  the  cathodic  deposits  improved  appreciably 
by  1.5 -2.0^0  above  the  average  value  for  the  plant. 


It  was  found  that  especially  favorable  results  are  obtained  on  addition  of  the  combined  additive  of  the  fol¬ 
lowing  composition  (in  mg/liter):  glue  10,  3-naphthol  20,  and  antimony  0.02. 

The  following  operating  conditions  were  used  in  the  experimental  cells.  In  one  of  the  cells  (No.  2),  the 
acidity,  temperature,  and  additions  of  antimony  and  glue  were  the  same  as  under  ordinary  production  conditions. 
In  cell  No.  3  the  conditions  were  the  same,  but  20  mg  of  B-naphthol  per  liter  was  added  in  alkaline  solution 
every  two  hours  (the  amount  was  calculated  on  the  volume  of  incoming  electrolyte).  In  cell  No.  4  the  condi¬ 
tions  were  similar  to  those  in  No.  3,  but  0.02  mg  of  antimony  per  liter,  in  the  form  of  tartar  emetic,  was  also 
added.  To  avoid  an  excess  of  antimony  in  the  cell,  it  was  added  four  hours  after  the  stripping  of  the  cathodic 
zinc.  The  temperature  and  acidity  of  the  electrolyte  were  determined  in  all  the  experimental  cells  every  two 
hours.  The  cathode  deposits  were  weighed  separately  for  each  cell,  after  24  hours  of  deposition. 


A 


Fig.  5.  Effect  of  the  contents  of  various  additives  on  the  cathodic  polarization  in  an 
electrolyte  containing  50  g  ZnS04  and  100  g  H2SO4  per  liter:  A)  current  density  Dj, 
(amps/m*);  B)  cathode  polarization  A<P  (v).  Additions  (in  mg/liter):  1)  without  addi¬ 
tion;  2)  20  glue;  3)  20  glue,  20  fl-naphthol;  4)  20  glue,  0.04  Sb;  5)  20  glue,  0.04 
Sb;  20  6-naphthol. 
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The  plant  procedure  for  addition  of  antimony  during  this  period  was  the  following:  0.075  mg  of  antimony 
per  liter  (on  the  volume  of  electrolyte  in  the  cell)  was  introduced  at  once  before  the  stripping.  In  addition. 
0.015-0.020  mg  of  antimony  per  liter  was  regularly  introduced  together  with  glue.  Thus,  actually  0.04  mg  of 
antimony  pwr  liter  was  introduced  every  two  hours. 

The  composition  of  the  neutral  electrolyte  (in  mg/liter)  entering  the  electrolysis  unit  during  the  trials  is 
given  below. 

Zn  Fe  (total)  Fe'*  Co"  Cd"  Cu”  As'"  Sp.  gr. 

111.4  144  136  6.0  1.0  0.24  Traces  1.34 

The  sp>ent  electrolyte  during  the  same  period  had  the  following  characteristics:  sp.  gr.  1.24,  zinc  concen¬ 
tration  43.9  g/liter,  acid  concentration  99.5  g/liter.  The  cathode  current  density  was  430  amps/m*.  The  circu¬ 
lation  rate  of  the  electrolyte  was  maintained  at  2.5  liters/minute. 

TABLE  2 

Effect  of  Composition  of  the  Combined  Additives  on  the  Current  Efficiency.  Electrolyte  Temper¬ 
ature  36* 


Cell  No. 

Composition  of  additive 

Current  efficiency  (%) 

(mg/liter) 

1st  day 

2nd  day 

3rd  day 

4th  day 

2 

Glue  16,  antimony  0.015- 
0.020 

90.6 

90.9 

89.6 

87.0 

3 

Ditto  +  B-naphthol  10 

89.0 

92.8 

91.5 

- 

4 

Glue  16,  B-naphthol  10, 
antimony  0.04 

86.7* 

90.9 

94.0 

93.0 

Total  in 

cascade 

Glue  16,  antimony  0.015- 
0.020 

86.7 

87.5 

85.9 

91.5 

*  Excess  antimony  had  been  introduced  on  the  previous  day;  this  caused  external  stripiness  of 
the  zinc  deposit. 


The  results  of  the  trials  are  presented  in  Table  2;  it  is  seen  that  the  presence  of  the  combined  additive  in' 
the  electrolyte  (Cell  No.  4)  has  a  very  rapid  effect  on  the  cell  performance. 

The  stripping  of  the  zinc  was  very  easy  in  all  the  cells.  The  cathode  deposits  formed  in  Cells  Nos.  3  and  4 
were  particularly  dense  and  microcrystalline,  and  were  appreciably  superior  in  external  appearance  to  the  de¬ 
posits  formed  in  the  "standard"  cells. 


DISCUSSION  OF  RESULTS 

The  use  of  combined  additives  consisting  of  glue  and  B-naphthol  (B~N),  and  especially  of  glue,  B-naph- 
thol,  and  antimony,  results  in  a  substantial  improvement  in  the  quality  of  the  cathodic  zinc  deposits  and  in¬ 
creases  the  current  efficiency.  It  must  be  noted  that  the  combined  additive  is  also  effective  in  presence  of  con¬ 
siderable  amounts  of  cobalt  in  the  solution.  However,  an  excess  of  antimony  (above  0.08-0.1  mg/liter)  results 
in  partial  dissolution  of  the  previously-deposited  zinc.  In  such  cases  a  characteristic  stripiness  appears  on  the 
surface  of  the  zinc  deposits,  mainly  at  the  top  ends  of  the  sheets;  this  may  affect  either  individual  regions  of 
the  sheet  or  the  whole  sheet,  according  to  the  amount  of  excess  antimony. 

It  was  also  noticed  that  a  deficiency  of  readily  soluble  antimony  compounds  in  the  solution  has  an  adverse 
effect  on  the  structure  of  the  cathodic  zinc;  this  was  seen  especially  clearly  on  examination  of  a  fracture  in  the 
deposit. 

No  traces  of  "cobalt  corrosion"  on  the  zinc  could  be  detected  in  presence  of  additives  containing  B-naph¬ 
thol. 


In  our  discussion  of  the  mechanism  of  action  of  the  combined  additive,  we  first  consider  the  influence  of 


fl-naphthol,  which  has  very  little  effect  on  the  polarization  in  the  discharge  of  zinc  ions,  either  by  itself  or  in 
presence  of  the  other  components. 

This  small  influence  of  8-naphthol  on  the  polarization  with  increase  of  current  density  is  satisfactorily 
explained  if  it  is  taken  into  account  that  the  zero-charge  potential  of  zinc  ~  v.  Since  the  metal  is 

deposited  at  more  negative  potentials  than  =  “0.63  v,  the  adsorption  of  6-naphthol  (a  molecular  substance) 
should  be  very  slight,  and  therefore  its  polarizing  effect  should  be  negligible. 

It  is  probable  that  the  favorable  effect  of  6-naphthol  depends  on  the  fact  that  it  forms  a  complex  with  co¬ 
balt  ions  and  thus  removes  them  from  the  reaction  zone  in  the  solution  [4]. 

The  following  mechanism  for  the  removal  of  cobalt  impurities  from  zinc  electrolytes  by  the  action  of  6- 
naphthol  may  be  postulated.  The  first  stage  is  electrochemical  oxidation  to  the  trivalent  state: 

Co”  -  e  — >  Co”’. 

Trivalent  cobalt  can  form  complex  compounds  of  the  type  [Co(6 -N)5]Cls  [5],  which  are  very  stable  and  are  not 
hydrolyzed  in  aqueous  solutions.  It  follows  that  the  removal  of  cobalt  from  the  electrolyte  solution  takes  place 
mainly  in  the  anolyte  layers,  where  its  oxidation  to  the  trivalent  state  is  most  likely. 

If  the  solution  does  not  contain  cobalt,  d-naphthol  may  be  omitted  from  the  combined  additive,  as  its  in¬ 
fluence  on  the  polarization  and  electrocrystallization  is  very  slight. 

The  main  effective  surface -active  component  of  the  combined  additive  is  evidently  glue,  as  it  not  only 
favors  the  formation  of  dense,  microcrystalline  zinc  deposits,  but  also  neutralizes  the  harmful  effect  of  cobalt. 
This  is  because  this  additive  is  adsorbed  mainly  on  the  anodic  regions  of  the  microcells  formed. 

The  explanation  of  the  stronger  effect  of  glue  on  the  increase  of  polarization  in  acid  than  in  neutral  elec¬ 
trolytes  is  that  at  pH  below  4.7  substances  like  gelatin  and  glue  dissociate  with  formation  of  complex  cations 

+ 

Since  zinc  is  deposited  at  potentials  on  the  negative  side  of  the  zero-charge  jx)tential  of  zinc  = 

=  -0.63  v),  cation-active  additives  should  be  particularly  effective  [6].  Therefore,  organic  compounds  of  high 
molecular  weight  which  dissociate  with  the  formation  of  surface -active  cations  (alkaloids,  and  organic  deriva¬ 
tives  of  ammonia)  are  adsorbed  on  the  cathode  and  produce  very  appreciable  retardation  of  the  cathode  process. 
In  such  cases  the  Traube  rule,  according  to  which  cathode  polarization  increases  with  increasing  molecular  size 
of  the  substance  adsorbed  on  the  cathode,  is  fully  applicable. 

The  favorable  effects  of  small  amounts  of  antimony  on  the  electrolyte  on  the  structure  of  cathodic  zinc 
deposits  are  also  due  to  the  adsorption  of  colloidal  particles  of  antimony  hydroxide  on  the  cathode  surface. 

The  nature  of  the  salt  added  to  the  electrolyte  is  of  considerable  significance. 

Not  all  antimony  salts  produce  the  same  effect.  For  example,  salts  of  oxy  acids  such  as  antimony  sulfate 
Sb(S04)3,  etc.,  are  only  partially  hydrolyzed  when  added  to  acid  sulfate  electrolytes,  and  form  compounds  such 
as  antimonyl  sulfate,  (SbO)2S04,  which  are  not  sufficiently  surface -active.  A  particularly  favorable  effect  on 
the  formation  of  adsorption  layers  is  produced  by  the  readily  soluble  salt  of  trivalent  antimony,  K(Sb0)C4H40j 
(potassium  antimonyl  tartrate  or  tartar  emetic).  When  added  to  a  zinc  electrolyte,  a  solution  of  tartar  emetic 
reacts  with  sulfuric  acid 

K(Sb0)C4H406  +  H2SO4  +  2H2O  Sb(OH)j  +  H2C4H4O6  +  KHSO4 

with  formation  of  a  bulky  white  colloidal  suspension  of  antimonious  acid  Sb(OH)3,  which  forms  a  gel  [7], 

The  colloidal  suspension  coagulates  on  the  cathode  surface  to  form  islets  and  chains,  which  condense  into 
a  network  structure.  The  spaces  in  the  network  then  become  filled  with  newly  formed  particles,  and  the  film 
becomes  continuous.  If  the  film  was  impermeable,  its  thickness  would  then  cease  to  increase.  However,  in  pre¬ 
sence  of  excess  antimonious  hydroxide  the  film  continues  to  increase  in  thickness  owing  to  the  adhesion  of  large 
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flakes  of  the  colloidal  suspensions,  continuously  forming  in  the  surface  layers  as  the  result  of  hydrolysis. 

The  presence  of  glue  in  the  zinc  sulfate  electrolyte  has  a  particularly  favorable  effect  in  the  formation  of 
denser  adsorption  layers.  The  dispersion  of  the  colloidal  system  antimony  +  glue  increases  appreciably  in  pre¬ 
sence  of  glue  [8],  and  as  a  result  the  film  on  the  zinc -electrolyte  interface  forms  a  particularly  thin,  nonporous, 
elastic  layer  [9].  An  explanation  of  this  action  of  the  glue  is  that  its  micelles,  being  surface -active,  are  ad¬ 
sorbed  and  undergo  denaturation  in  the  process,  with  an  increase  of  the  film  viscosity.  The  glue  micelles  are 
also  adsorbed  by  the  colloidal  particles  of  antimony  hydroxide,  so  that  tl»e  combined  film  on  the  zinc  surface 
acquires  hydrophilic  properties.  Since  metals  have  hydrophobic  properties  by  virtue  of  their  molecular  structure, 
it  is  clear  that  the  adsorption  film  results  in  a  very  appreciable  change  of  the  wettability  of  the  cathode,  both  in 
magnitude  and  in  sign,  by  the  zinc  sulfate  electrolyte,  and  this  leads  to  extensive  changes  in  the  chemical  state 
of  the  metal  surface. 

The  most  favorable  factor  to  influence  the  properties  of  the  cathodic  zinc  deposit  is  the  ability  of  glue  to 
decrease  the  contact  angle,  so  that  the  adhesion  time  of  hydrogen  bubbles  to  the  cathode  surface  is  decreased. 

In  such  cases  zinc  is  deposited  in  smooth,  compact  form,  with  very  faint  traces  of  hydrogen  liberation  [10]. 

Hence,  it  may  be  concluded  that  introduction  of  the  combined  additive  of  glue  and  antimony  alters  the 
crystal  structure  of  the  cathodic  zinc,  which  depends  entirely  on  the  formation  and  properties  of  the  adsorption 
layer. 

The  foregoing  results  show  that  there  is  a  quite  definite  optimum  for  the  antimony  content  in  the  electro¬ 
lyte.  Excess  tartar  emetic  causes  appreciable  brittleness  and  stripiness  of  the  cathode  deposit;  these  effects  are 
usually  attributed  to  excess  colloids  in  the  electrolyte. 

In  conclusion,  it  must  be  pointed  out  that  antimony  cations,  not  present  as  the  hydroxide  or  basic  salt,  can 
also  take  part  in  the  cathode  process.  At  a  certain  instant  the  concentration  ratio  of  antimony  and  zinc  ions  be¬ 
comes  such  that  both  metals  are  liberated  simultaneously  at  the  cathode.  Such  simultaneous  discharge  is  usually 
accompanied  by  depolarization  [11];  this  was  confirmed  experimentally  in  the  study  of  the  effect  of  antimony 
on  cathodic  polarization  (see  Fig.  4). 


SUMMARY 

1.  In  a  study  of  the  behavior  of  a  combined  additive  consisting  of  antimony,  d-naphthol,  and  glue  in  acid 
zinc  sulfate  electrolytes  it  was  found  that  the  favorable  effect  of  8-naphthol  is  due  to  the  formation  of  complex 
compounds  with  cobalt  cations,  which  are  thereby  removed  from  the  reaction  zone. 

2.  It  was  found  that  the  adsorption  processes  depend  both  on  the  charge  of  the  metal  and  on  the  nature  of 
the  surface -active  substances  and  colloidal  suspensions  formed  in  the  course  of  electrolysis  in  the  acid  zinc  elec¬ 
trolyte. 

3.  The  combined  colloidal  system  (antimony  hydroxide  and  glue)  has  high  dispersibility,  and  gives  rise  to 
a  particularly  thin,  dense,  and  elastic  film  with  a  high  contact  area  on  the  metal  surface.  This  film  not  only 
has  separating  properties,  but  it  also  protects  the  aluminum  and  zinc  against  corrosion  and  favors  the  formation 
of  more  finely  crystalline,  dense,  and  smooth  cathodic  zinc  deposits. 

4.  The  depolarizing  action  of  antimony  cations,  not  present  as  the  hydroxide  or  basic  salt,  may  be  ascribed 
to  their  effect  in  facilitating  the  crystallization  of  zinc  in  the  simultaneous  liberation  of  the  two  metals. 
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KINETICS  OF  THE  PHOTOCHEMICAL  CHLORINATION  OF  BENZENE* 


F.F.  Krivonos 


The  literature  contains  contradictory  information  on  the  kinetics  of  the  photochemical  chlorination  of 
benzene.  The  reason  is  the  great  complexity  of  such  reactions  [1]. 

Slator  [2]  showed  that  this  reaction  conforms  to  a  second-order  law,  and  that  its  rate  is  directly  proportion¬ 
al  to  the  square  of  the  chlorine  concentration;  the  temperature  coefficient  of  the  reaction  rate  is  1.5.  Unfor¬ 
tunately,  the  description  of  the  experimental  work  is  very  brief  and  general,  so  that  it  is  difficult  to  reproduce 
the  experiments  and  therefore  to  confirm  the  conclusions. 

Luther  and  Goldberg  [3]  stated  that  Slator's  work  was  superficial  and  his  conclusions  were  hasty.  In  their 
opinion,  the  principal  factor  which  hinders  investigations  of  the  photochemical  chlorination  of  benzene  is  the 
Inhibiting  effect  of  oxygen  and  therefore  of  traces  of  air;  neither  the  reaction  order  nor  the  temperature  coeffi¬ 
cient  are  given  in  their  paper,  but  it  contains  valuable  experimental  data  on  the  variations  of  the  reaction  rate 
with  the  amount  of  oxygen  present. 

Lane  and  Noyes  [4]  studied  the  kinetics  of  the  photochemical  chlorination  of  benzene  in  the  gas  phase. 
They  found  that  the  reaction  conforms  to  the  first-order  law,  and  that  its  rate  is  directly  proportional  to  the 
chlorine  concentration.  The  temperature  coefficient  is  not  given.  Since  they  studied  the  reaction  in  the  gas 
phase  only,  it  is  difficult  to  use  their  results  in  relation  to  the  technological  processes  of  hexachloran  production. 
A  defect  common  to  both  the  papers  cited  is  that  the  reaction  kinetics  was  studied  over  a  narrow  range  of  chlo¬ 
rine  concentrations. 

The  purpose  of  our  investigation  was  to  elucidate  a  number  of  questions  of  practical  importance:  to  de¬ 
termine  the  reaction  order,  to  derive  the  rate  constant  of  the  reaction  and  the  temperature  coefficient,  to  dis¬ 
tinguish  between  the  reaction  rates  in  liquid  and  gas  phases,  to  study  the  effect  of  air  and  light,  and  to  utilize 
the  results  obtained  for  clarification  of  the  technological  processes. 

EXPERIMENTAL 

The  apparatus  used  for  determinations  of  the  solubility  of  chlorine  in  benzene  [5]  was  also  used  for  the 
studies  of  the  kinetics  of  photochemical  chlorination  of  benzene. 

Example.  A  round -bottomed  flask  725  ml  in  capacity  was  weighed  at  12*  and  barometric  pressure  759.8 
mm  Hg.  The  weight  increase  after  the  flask  had  been  filled  with  chlorine  was  1.15  g.  Calculations  show  that 
the  flask  contained  12.2^0  air  and  87.8%  chlorine  (by  volume).  In  terms  of  partial  pressures  this  corresponds  to 
95  mm  of  air  and  685  mm  of  chlorine  at  20*.  The  flask  was  carefully  darkened  and  10  ml  of  benzene  was  in¬ 
troduced.  Tlie  manometer  reading  was  -250  mm  Hg  at  equilibrium.  Calculations  show  that  this  corresponds 
to  an  absorption  coefficient  of  about  70.  The  flask  was  then  illuminated  by  two  electric  lamps  of  500  watts 
each,  placed  25  cm  from  the  reaction  vessel.  The  manometer  readings  were  taken  at  5 -minute  intervals. 

The  results  of  this  experiment  are  given  in  the  table. 

The  value  of  K  for  the  point  corresponding  to  five  minutes  reaction  time  is  calculated  as  follows.  The 
manometer  reading  at  that  instant  was  -340  mm  Hg.  Therefore,  the  pressure  in  the  vessel  was  759.8  -340  = 


•Communication  II  in  the  series  on  the  production  of  hexachloran. 


Results  of  an  Experiment  on  the  Photochemical  Chlorination 
of  Benzene 


Time  (min) 

Manometer 
readings 
(mm  Hg) 

Chlorine 

concentration 
(mm  Hg) 

K 

0 

-250 

685 

- 

5 

-340 

499 

0.064 

15 

-464 

242 

0.069 

35 

-528 

124 

0.048 

45 

-544 

92 

0.045 

=  419.8  mm  Hg.  Subtraction  of  the  pressure  of  air  (95  mm)  and  benzene  vapor  (74.7  mm)  gives  419.8  -(95  + 

+  74.7)  =  250.1  mm  Hg  for  the  partial  pressure  of  chlorine.  The  coefficient  of  absorption  of  chlorine  in  ben¬ 
zene  at  20*  is  69.  The  amount  of  benzene  remaining  in  liquid  form  (after  subtraction  of  the  evaporated  benzene) 
was  9.74  ml.  This  gives  the  amount  of  chlorine  dissolved,  the  volume  of  the  vessel  being  725  ml 


69- 9.74- 293‘ 250.1- 759.8 
760-273-725 


=  249  mm  Hg 


The  total  chlorine  in  the  vessel  was  250.1  +  249  =  499.1  mm  Hg. 

2.3  685 

These  data  give  K  =  -g—  log  ^  =  0.064. 

It  is  important  to  note  that  in  the  conditions  of  this  experiment  about  half  the  chlorine  was  in  the  form  of 
gas,  and  an  equal  amount  was  dissolved  in  benzene;  therefore,  the  reaction  proceeded  50^0  in  the  liquid  and  50^0 
in  the  vapor  phase. 

It  follows  from  the  data  in  the  table  that  the  reaction  conforms  to  the  first-order  law,  but  as  the  reaction 
proceeds,  and  especially  near  the  end,  the  reaction  rate  constant  decreases  appreciably.  It  is  possible  that  the 
reason  for  the  decrease  of  the  reaction  rate  near  the  end  is  the  presence  of  air,  the  amount  of  which  (relative  to 
the  chlorine)  increases  during  the  reaction. 

To  test  the  validity  of  this  method  for  determination  of  the  reaction  rate  constant,  in  some  experiments 
the  free,  undissolved  chlorine  was  determined  by  addition  of  potassium  iodide  solution,  as  in  the  determinations 
of  the  solubility  of  chlorine  in  benzene. 

Effect  of  temperature.  To  determine  the  effect  of  temperature  on  the  rate  of  photochemical  chlorination 
of  benzene,  experiments  were  performed  at  10,  20,  30,  40,  and  50*.  The  results  are  given  below. 

Effect  of  Temperature  on  the  Rate  of  Photochemical  Chlorination  of 
Benzene 

Temperature  (*C)  10  20  30  40  50 

Value  of  K  0.060  0.066  0.065  0.057  0.059 

These  results  show  that  variations  of  temperature  do  not  influence  the  reaction  rate;  the  differences  be¬ 
tween  the  values  of  K  in  the  different  expxsriments  are  within  the  limits  of  experimental  error.  Hence,  the  tem¬ 
perature  coefficient  of  the  reaction  rate  is  close  to  unity,  which  is  characteristic  of  photochemical  reactions  in 
general  [6].  The  usual  experimental  errors  are  eliminated  in  the  wide  temperature  range  used  (from  10  to  50*). 
For  example,  if  the  temperature  coefficient  was  1.5  (as  given  by  Slator),  the  reaction  rate  constant  at  50*  should 
be  five  times  that  at  10*. 

Since  the  temperature  does  not  affect  the  reaction  rate,  it  might  appear  at  first  sight  that  in  the  practical 
production  of  hexachloran  the  reaction  temperature  is  immaterial.  In  fact,  this  is  not  the  case.  As  was  shown 
earlier  [5],  the  solubility  of  chlorine  in  benzene  falls  rapidly  with  increasing  temperature.  Therefore,  if  the  re¬ 
action  occurs  mainly  in  the  liquid  phase,  increase  of  temperature  should  decrease  the  rate  of  reaction.  It  is 


therefore  more  advantageous  in  practice  to  carry  out  the  reaction  at  a  low  temperature.  The  losses  of  benzene 
due  to  evaporation  are  then  also  less.  It  is  true  that  at  low  temperatures  crystals  of  hexachloran  begin  to  form 
more  rapidly.  However,  as  our  experiments  showed,  the  crystals  do  not  greatly  influence  the  illumination  of 
the  reaction  mass  provided  that  certain  conditions  (illumination  from  below,  shallow  reaction  vessel,  etc.)  are 
satisfied.  Under  such  conditions  we  were  able  to  convert  almost  all  the  benzene  into  a  continuous  crystalline 
mass  of  hexachloran  in  a  shorter  time.  It  was  then  merely  necessary  to  remove  the  finished  product,  without  any 
need  for  the  usual  laborious  operations  involved  in  separation  of  the  finished  product  from  benzene  solution. 
Moreover,  the  product  formed  at  low  temperatures  is  purer,  with  a  lower  content  of  the  oily  substance  formed  by 
substitution  of  hydrogen  by  chlorine  in  the  benzene  nucleus. 

Effect  of  illumination  intensity.  It  is  known  that  the  rate  of  a  photochemical  reaction  is  directly  propor¬ 
tional  to  the  square  root  of  the  illumination  intensity.  Under  the  influence  of  direct  sunlight  the  reaction  is  ap¬ 
proximately  5-6  times  as  rapid  as  under  illumination  from  a  750-watt  electric  lamp  placed  13  cm  from  the  re¬ 
action  vessel.  The  question  of  illumination  is  the  most  important  and  difficult  in  studies  of  the  reaction  kinetics, 
and  also  in  the  practical  production  of  hexachloran.  Many  variables  are  significant  in  this  respect:  transparency 
of  the  apparatus,  the  presence  of  reflecting  surfaces,  the  volume  and  shape  of  the  vessel,  voltage  fluctuations  in 
the  electricity  supply,  etc.  It  is  therefore  difficult  to  study  the  individual  influence  of  any  single  factor. 

Example.  An  experiment  was  performed  under  conditions  such  that  side  effects  associated  with  the  reflec¬ 
tion  of  light  were  eliminated  (the  apparatus  was  placed  in  a  box  lined  inside  with  black  fabric):  illumination  by 
two  neighboring  lamps  of  200  watts  each,  at  a  distance  of  25  cm,  gave  results  corresponding  to  K  =  0.0147.  In 
another  experiment,  under  the  same  conditions,  but  with  two  500 -watt  lamps,  the  results  gave  K  0.0219. 
Theoretically,  a  2.5 -fold  increase  of  the  illumination  should  give  a  reaction  rate  constant  of  \J^  =  0.0232. 

This  experiment  therefore  confirms  the  general  theory  (the  discrepancy  is  within  the  limits  of  experimental  erro0. 


The  reaction  rate  constant  can  be  increased  two-  to  threefold  by  the  use  of  a  white  paper  screen.  Even 
better  results  are  obtained  by  the  use  of  mirror  reflectors. 

Effect  of  admixtures  of  air.  Luther  and  Goldberg  [3]  reported  that  all  the  difficulties  which  arise  in  studies 
of  the  photochemical  chlorination  of  benzene  are  due  to  the  inhibiting  action  of  admixtures  of  air  (oxygen). 
They  did  not  derive  any  definite  mathematical  relationship,  but  noted  that  the  inhibiting  effect  of  oxygen  in¬ 
creases  with  increasing  content  of  air  (and  therefore  with  decrease  of  the  initial  condentration  of  chlorine). 


If  the  initial  concentration  of  chlorine  is  increased,  the 
following  effect  was  observed:  the  reaction  rate  was  somewhat 
lower  at  first,  but  increased  considerably  near  the  end.  Our 
experiments  have  not,  as  yet,  confirmed  this  "self-acceleration" 
of  the  reaction  on  increase  of  the  initial  chlorine  concentration. 
It  is  true  that  we  did  not  use  such  low  concentrations  of  chlorine. 

Our  experiments  on  this  subject  were  performed  by  the 
method  described  above,  with  the  use  of  initial  mixtures  with 
different  contents  of  air  and  chlorine,  the  filling  of  the  flask 
with  chlorine  being  stopped  at  different  weight  increases.  The  results  of  the  experiments  are  given  in  the  small 
table. 


Amount  of  Air  (^o)  Remaining 
In  the  Flask  Filled  with  Chlo- 

K 

rine 

6.8 

0.0264 

18.7 

0.0232 

48 

0.0127 

57 

0.123 

These  results  show  that  the  reaction  rate  decreases  with  increasing  air  content  of  the  reaction  mixture. 

The  decrease  is  specially  noticeable  at  higher  air  contents.  Thus,  an  increase  of  the  air  content  from  18  to  507o 
produces  an  approximately  2-fold  decrease  of  the  reaction  rate.  Therefore,  with  the  small  fluctuations  (of  the 
order  of  10%)  in  the  composition  of  the  gaseous  mixture  which  occur  in  the  production  of  hexachloran,  the 
amount  of  air  impurity  can  be  disregarded. 

In  some  experiments  we  succeeded  in  raising  the  amount  of  air  present  to  370;  this  had  an  appreciable  in¬ 
fluence  on  the  reaction  rate  constant.  In  general,  however,  there  is  no  sense  in  practice  in  aiming  at  complete 
removal  of  air  from  the  reaction  mixture,  as  even  chlorine  obtained  from  cylinders  may,  as  is  known  [7],  con¬ 
tain  up  to  10^  air. 

We  now  return  to  a  question  touched  upon  earlier  -  the  decrease  of  K  as  the  reaction  proceeds.  If  our  hy- 
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pothesis  that  a  50yo  Increase  of  the  amount  of  air  roughly  halves  the  reaction  rate  is  correct,  this  would  account 
for  the  observed  decrease  of  K.  In  the  experiment  detailed  in  the  table  the  amount  of  air  at  the  start  of  the  re¬ 
action  was  95  mm  Hg.  We  now  find  the  value  of  K  separately  for  the  time  interval  when  tliere  was  as  much 
chlorine  as  air  in  the  reaction  vessel.  This  corresponds  to  the  time  interval  roughly  between  the  35th  and  45th 
minutes.  The  rate  constant  calculated  for  this  interval  is  about  0.0298,  or  approximately  half  of  the  initial  value 
(0.064).  Therefore,  there  is  reason  to  believe  that  the  decrease  of  K  near  the  end  of  the  reaction  is  caused  by  the 
presence  of  air. 

Comparison  of  the  reaction  rates  In  the  liquid  and  gas  phases.  A  specific  feature  of  our  experiments  Is 
that  the  reaction  took  place  In  the  liquid  and  gas  phases  simultaneously,  as  it  Is  only  under  such  conditions  that 
the  reaction  rate  constant  can  be  determined  from  measurements  of  the  pressure  in  the  vessel.  Experiments  were 
therefore  performed  in  such  a  way  that  the  reaction  occurred  predominantly  in  the  liquid  phase  in  one  case, and 
in  the  gas  phase  in  the  other.  The  reaction  rate  constant  had  the  same  value  in  both  cases. 

Example.  In  the  experiment  detailed  in  ^e  table,  when  10  ml  of  benzene  was  Introduced  into  the  flask 
the  chlorine  was  divided  equally  between  the  liquid  and  gas  phases  (50^0  in  each).  In  another  experiment,  when 
1.5  ml  of  benzene  was  taken,  calculations  showed  that  95<y^  of  the  chlorine  was  in  the  gas  phase,  and  only  5^  in 
the  liquid  phase.  The  reaction  rate  constant  was  the  same  in  both  cases. 

In  practice,  however,  it  is  much  more  advantageous  to  perform  the  reaction  in  the  liquid  phase,  as  the 
volume  of  the  equipment  is  thereby  reduced  approximately  100-fold. 

For  example,  the  solubility  of  chlorine  at  10*  is  3.97  moles/Uter.  The  volume  of  this  amount  of  chlorine 
in  the  gaseous  state  is  3.97*  22.06  =  90  liters,  and  about  30  liters  of  benzene  vapor  is  also  required.  Hence,  the 
volume  of  the  equipment  is  increased  120-fold  in  this  case. 

Laboratory  preparation  of  hexachloran.*  A  simplified  method  for  the  laboratory  preparation  of  hexachloran 
may  be  recommended  on  the  basis  of  our  results. 

It  seems  at  first  sight  that  it  is  easy  to  obtain  hexachloran  in  high  yields  under  laboratory  conditions:  it  is 
merely  necessary  to  pass  a  stream  of  chlorine  through  an  illuminated  flask  containing  benzene  until  all  the  ben¬ 
zene  crystallizes.  Our  experiments  showed,  however,  that  under  these  conditions  the  reaction  is  very  lengthy 
and  low  yields  are  obtained  (not  greater  than  30<yo  of  the  yield  calculated  on  the  benzene  taken).  For  example, 
Travkin  [8]  passed  chlorine  through  500  ml  of  benzene  for  11  hours  and  obtained  420  g  of  hexachloran  crystals, 
which  is  only  25<^  of  the  theoretical  yield.  No  suitable  methods  for  the  laboratory  preparation  of  hexachloran 
are  described  in  the  foreign  literature  either.  Our  experiments  by  Meunier’s  method  [9],  in  which  hexachloran 
is  prepared  by  the  passage  of  a  stream  of  chlorine  through  boiling  benzene,  gave  yields  of  only  about  4^0  of  the 
theoretical  in  reactions  lasting  about  twelve  hours  (7  g  of  crystals  were  obtained  after  evap>oratlon  from  80  g  of 
benzene). 

Even  worse  results  were  obtained  by  the  chlorination  of  benzene  in  presence  of  \Pjo  alkali  [10]. 

Our  method  for  the  laboratory  preparation  of  hexachloran  is  described  below. 

Enough  benzene  is  put  into  a  conical  flask  to  cover  the  bottom  in  a  thin  layer.  The  flask  is  closed  by  a 
cork  with  two  holes.  Through  one  of  these  passes  a  long  glass  tuba,  reaching  nearly  to  the  bottom,  for  the  supply 
of  chlorine.  Through  the  other  hole  there  is  passed  an  exit  tube,  to  the  end  of  which  is  attached  a  widened  tube 
immersed  to  a  small  depth  in  water  in  such  a  way  that  the  liquid  cannot  be  sucked  back  into  the  reaction  vessel. 
The  flask  is  placed  in  a  flat-bottomed  glass  vessel  containing  circulating  cold  water  to  cool  the  reaction  mixture. 
The  reaction  vessel  is  illuminated  on  all  sides  if  possible,  but  especially  from  below,  by  electric  lamps  of  total 
power  of  500-1000  watts.  Considerable  amounts  of  hexachloran  crystals  appear  after  about  an  hour.  About  two 
to  four  hours  is  required  for  completion  of  the  reaction  (depending  on  the  light  intensity  and  the  chlorine  rate). 
The  chlorine  rate  may  be  regulated  so  that  the  chlorine  is  absorbed  completely  without  any  excess  escaping 
through  the  outlet  tube.  However,  air  is  initially  present  in  the  reaction  vessel,  and  chlorine  from  cylinders  also 
contains  air;  t^ierefore  large  amounts  of  air  accumulate  in  the  vessel  as  the  reaction  proceeds  and  the  reaction 
may  stop  completely  as  a  result.  A  certain  excess  of  chlorine  must  therefore  be  supplied.  About  35-40  g  of 
hexachloran  may  be  obtained  from  20  ml  of  benzene;  this  is  about  75*70  of  the  theoretical  yield. 


•A. A.  Denisov  took  part  in  the  experimental  work. 
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SUMMARY 


1.  It  is  shown  that  the  rate  constant  of  the  photochemical  chlorination  of  benzene  can  be  determined  by 
means  of  pressure  measurements  in  the  vessel. 

2.  The  photochemical  chlorination  of  benzene  is  a  reaction  of  the  first  order  if  the  inhibiting  effect  of  ad¬ 
mixtures  of  air  is  taken  into  account. 

3.  The  temperature  coefficient  of  the  reaction  rate  is  close  to  unity. 

4.  The  reaction  proceeds  at  equal  rates  in  die  liquid  and  the  gas  phase. 

5.  The  influence  of  various  factors  on  the  rate  of  photochemical  chlorination  of  benzene  can  be  studied  if 
the  value  of  K  is  used  as  a  criterion. 
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HYDROGENATION  OF  GLUCOSE 


IN  PRESENCE  OF  GRANULATED  RANEY  NICKEL  CATALYST 
UNDER  FLOW  CONDITIONS* 

E.M.  Adaskin,  N.I.  Ziminova,  B.L.  Lebedev  and  S.V.  Pavlov 
The  All-Union  Scientific  Research  Institute  of  the  Hydrolytic  and  Sulfite  Alcohol  Industry  (Moscow  Section) 

The  hydrogenation  of  sugars,  including  glucose,  with  formation  of  the  polyhydric  alcohol  sorbitol  has  be¬ 
come  a  particularly  important  problem  at  the  present  time.  This  is  shown  by  the  interest  aroused  by  this  prob¬ 
lem  both  in  the  USSR  and  abroad. 

Sorbitol  and  its  derivatives  are  becoming  increasingly  widely  used  in  various  industries:  in  the  tobacco, 
food,  paper,  textile,  pharmaceutical,  and  varnish  and  paint  industries,  in  the  production  of  glues,  artificial  cork, 
resins,  cosmetics,  etc. 

The  literature  contains  numerous  papers  dealing  with  the  catalytic  reduction  of  sugars  under  static  condi¬ 
tions  (in  batch  autoclaves).  These  papers  contain  a  great  variety  of  data  on  the  use  of  various  catalysts,  the  in¬ 
fluence  of  temperature,  agitation,  pH  of  the  medium,  pressure,  grain  size,  etc. 

In  1912  Ipatieff  [1]  performed  the  first  experiments  on  the  catalytic  reduction  of  sugars.  Sorbitol  was 
obtained  in  quantitative  yield  by  the  hydrogenation  of  glucose  in  alcoholic  solution  in  presence  of  nickel  at 
100  atm  and  130*. 

Covert,  Connor  and  Adkins  [2]  performed  experiments  using  nickel  on  kleselguhr,  or  copper  chromite  un¬ 
der  pressure. 

loshikawa  [3]  also  performed  experiments  with  the  use  of  nickel  and  iron-nickel  catalysts  under  pressure. 

An  English  patent  [4]  describes  the  hydrogenation  of  glucose  in  presence  of  metallic  catalysts  such  as  Ni, 
Co,  or  Cu,  or  of  their  oxides  with  the  oxides  of  chromium,  cerium,  titanium,  molybdenum,  tungsten,  thorium, 
or  aluminum  as  promoters;  it  is  recommended  to  carry  out  the  process  at  90  atm  and  pH  7-9, 

Szewczyk  et  al.  [5]  studied  the  effects  of  agitation,  pressure,  temperature,  and  pH  on  the  yield  and  qual¬ 
ity  of  the  sorbitol  obtained  by  catalytic  hydrogenation  of  glucose  over  NiAl203. 

In  their  opinion,  agitation  and  a  pH  value  of  8.5  are  necessary  to  avoid  caramelization;  variations  of 
pressure  in  the  range  of  70-133  atm  and  temperature  in  the  range  of  97-200*  do  not  influence  the  reaction 
product. 

Maksimov  [6]  was  the  first  to  propose  the  use  of  Raney  nickel  as  a  catalyst  for  the  hydrogenation  of  glu¬ 
cose. 

The  hydrogenation  of  glucose  under  various  conditions  (of  temperature,  pressure,  reaction  medium,  etc.) 
in  presence  of  Raney  nickel  catalyst  was  later  described  by  Borisoglebskil  [7],  Ivanov  [8],  Tettamanzi  and  Ar- 
naldi  [9],  Kanbinos  and  Ballun  [10],  Hefti  and  Kolb  [11]  and  others. 

•Communication  I. 
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Fig.  1.  Investigation 
of  the  comparative  ac¬ 
tivities  of  Raney  cata¬ 
lysts  containing  46  and 
2?yo  nickel;  A)  amount 
of  glucose  hydrogenated 
over  1  g  of  nickel  (in  g); 
D)  experiment  numbers. 
Nickel  content  (*70):  1) 
46;  2)  27. 


Thus,  most  of  tlie  Investigations  were  concerned  with  the  hydrogenation 
of  glucose  in  batch  equipment. 

No  information  is  available  in  the  general  literature  on  the  continuous  hy¬ 
drogenation  of  glucose  with  the  use  of  static  catalysts.  The  very  limited  patent 
data  are  predominantly  of  a  descriptive  and  advertizing  character. 

Zardalishvili,  Tursln  and  Tsyplakov  [12]  were  the  first,  in  1943,  to  obtain  a 
patent  for  a  process  for  the  continuous  hydrogenation  of  glucose  to  sorbitol.  The 
catalyst  was  Raney  nickel  (1:1).  The  mixture  of  glucose  solutioil  and  hydrogen 
was  fed  into  the  reactor  from  below.  Later,  de  Nooijer  and  Koome  [13]  described 
a  process  in  which  the  components  were  fed  into  the  reactor  from  above. 

It  was  of  interest  to  study  the  continuous  hydrogenation  of  glucose  in  a  flow 
unit  in  presence  of  a  stationary  Raney  nickel  catalyst. 

Studies  of  the  Relative  Activity  of  Raney  Nickel  Catalysts 

Before  the  investigations  of  the  continuous  hydrogenation  of  glucose  in  the 
flow  unit  it  was  necessary  to  compare  the  relative  activities  of  different  Raney 
catalysts.  The  relative  activities  of  Raney  nickel  (Ni  50^),  a  Raney -type  nickel 
catalyst  (Ni  27'yi)),  and  a  Raney-type  nickel  catalyst  (Ni  46'yo)  activated  with  chro¬ 
mium  in  the  hydrogenation  of  glucose  were  studied. 

The  experiments  were  performed  in  a  rotating  autoclave  250  ml  in  capacity. 
Commercial  anhydrous  glucose  was  used  as  the  starting  material.  The  amount  of 
catalyst  taken  was  of  the  weight  of  the  glucose  (calculated  as  nickel). 

A  sample  of  powdered  alloy  was  treated  with  2QPjo  caustic  soda  solution  on 
warming  until  evolution  of  hydrogen  ceased  completely.  The  catalyst  was  then 
washed  with  distilled  water  to  a  weak  alkaline  reaction. 


A 


Fig.  2.  Investigation  of 
the  comparative  activi¬ 
ties  of  Raney  catalysts 
containing  46  and  50^ 
nickel:  A)  amount  of 
glucose  hydrogenated 
over  1  g  of  nickel  (in  g); 
B)  experiment  numbers. 
Nickel  content  {^0)’.  1) 
46;  2)  50. 


The  prepared  catalyst  was  stirred  into  100  ml  of  glucose  solution.  Milk  of 
lime  was  added  to  the  solution  to  pH  8.5,  and  the  solution  was  put  into  the  auto¬ 
clave.  The  autoclave  was  then  closed,  hydrogen  was  blown  through,  the  required 
hydrogen  pressure  was  obtained,  and  the  heating  was  turned  on.  The  time  of  heat¬ 
ing  to  the  required  temperature  was  the  same  in  all  the  experiments. 

At  the  end  of  the  experiment  the  autoclave  was  rapidly  cooled  in  water  to 
20-30*,  the  gas  was  released,  and  the  contents  of  the  autoclave  removed.  When 
it  was  required  to  study  the  decrease  of  catalyst  activity  in  the  hydrogenation  of 
several  portions  of  glucose  in  presence  of  one  portion  of  catalyst,  the  catalyst  was 
immediately  mixed  with  the  next  portion  of  glucose  solution. 

The  concentration  of  the  unreacted  sugar  in  the  filtrate  was  determined  by 
Bertrand's  method  [14],  and  the  dry  solids  content  was  found  refractometrically. 

The  concentration  of  hydrogenated  sugars  per  1  g  of  nickel  was  used  as  a  measure 
of  the  catalyst  activity,  and  also  of  the  decrease  of  activity  in  repeated  hydrogen¬ 
ation  with  the  same  portion  of  catalyst. 

The  results  of  determinations  of  the  relative  activity  of  Raney  nickel  cat¬ 
alysts  are  given  in  Table  1  and  Figs.  1  and  2.  A  single  portion  of  each  of  the  cat¬ 
alysts  was  used  in  the  experiments. 

The  data  in  Table  1  show  that  the  catalyst  promoted  with  chromium  is  more 
active  than  the  catalysts  without  additions,  and  is  deactivated  more  slowly. 

Experiments  with  the  continuous  apparatus.  The  experiments  were  performed 
in  presence  of  a  stationary  granulated  Raney  nickel  catalyst,  activated  with  chro¬ 
mium,  at  130*  and  75  atm  hydrogen  pressure;  35^  glucose  solution  was  made  al¬ 
kaline  to  pH  8.5-9. 
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TABLE  1 


Tests  of  Raney  Nickel  Catalysts  in  the  Hydrogenation  of  Glucose 


d 

Nickel 

Residual 
sugars  (‘7>) 

Am't  glu- 

2 

content 

cose  hydro- 

Experimental  conditions 

O. 

X 

w 

of 

Nl-Al 

catalyst 

eenated 

fg/lgN) 

46 


I  ”1 

1  "I 
1  “I 


42.2 

47.3 

65.1 

67.3 

52.7 

73.7 
81.6 

93.1 

43.9 

52.1 

65.9 

56.1 
68.0 

87.2 


11.6 

10.5 

9.0 

8.5 

9.3 

4.9 

3.7 

J.4 

23.2 

19.8 

14.1 

16.7 

12.2 

4.9 


Hydrogenation  time  iTiour,  solution  con¬ 
centration  49*70,  temperature  130*,  hy¬ 
drogen  pressure  75  atm,  amount  of 
solution  100  ml 


Hydrogenation  time  30  min,  solution  con¬ 
centration  19*70,  temperature  100*,  hy¬ 
drogen  pressure  60  atm 


The  experiments  on  the  continuous  hydrogenation  of  glucose  were  carried  out  in  the  laboratory  unit  of  the 
All-Union  Scientific  Research  Institute  of  the  Hydrolytic  and  Sulfite  Alcohol  Industry;  they  are  shown  schemat¬ 
ically  In  Fig.  3. 

Hydrogen  from  the  cylinders  1  passed  into  the  hydrogen  duct  2,  and  then  into  the  gas  holder  3  through  a 
reducing  valve.  From  the  gas  holder,  the  hydrogen  entered  the  compressor  4,  where  it  was  compressed  to  300 
atm,  then  the  buffer  vessel  5  and  the  preheater  6. 


Fig.  3.  Apparatus  for  continuous  hydrogenation  in  presence  of  a  stationary  catalyst. 


The  glucose  solution  was  put  into  die  vessel  7,  and  fed  into  the  preheater  by  means  of  the  liquid  (ximp  8. 
The  mixture  of  hydrogen  and  glucose  solution  was  heated  to  80-90*,  entered  the  reactor  9,  passed  through  the 
layer  of  catalyst,  and  then  entered  the  condenser  10,  where  it  was  cooled  to  20-30*.  The  cooled  mixture  of  hy¬ 
drogen  and  solution  then  passed  to  the  separator  11  where  the  hydrogen  was  separated  from  the  solution. 
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The  hydrogen  passed  through  the  gas  meter  12  and  was 
released  into  the  atmosphere.  As  the  liquid  accumulated  in  the 
separator  it  was  led  off  through  a  throttle  valve  into  the  receiver 
13,  connected  with  tlie  atmosphere. 

The  temperature  in  the  reactor  and  preheater  was  meas¬ 
ured  by  means  of  chromel-copel  thermocouples,  connected  to 
the  control  panel  14,  to  an  accuracy  of  ±0.5P}o. 

The  pressures  of  the  liquid  pump,  the  buffer  vessel,  pre¬ 
heater,  and  separator  were  measured  by  means  of  MT-150  mano¬ 
meters. 

Activation  of  the  alloy.  The  catalysts  were  prepared  as 
follows.  The  alloy,  crushed  to  the  required  grain  size,  was 
weighed  and  put  into  a  round -bottomed  flask  fitted  with  a  reflux 
condenser;  the  condenser  was  connected  to  a  gas  meter  for  re¬ 
cording  the  volume  of  hydrogen  liberated  in  the  reaction.  200  ml 
of  20^  NaOH  solution  per  50  ml  of  alloy  was  introduced  into  the  flask. 
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Fig.  4.  Effect  of  feeding  procedure  on 
the  catalyst  activity:  A)  feed  rate  of 
solution  (ml/liour);  B)  time  (hours). 
Feed:  1)  downward;  2)  upward. 


During  the  first  few  minutes  hydrogen  was  evolved  vigorously  even  without  application  of  heat  owing  to 
the  exothermic  reaction  between  the  aluminum  and  alkali;  after  10-15  minutes  the  evolution  of  hydrogen  died 
down  somewhat,  and  the  flask  was  then  warmed. 

The  reaction  was  stopped  when  the  volume  of  hydrogen  liberated  corresponded  to  the  removal  of  40^0  of 
aluminum  from  the  alloy.  The  catalyst  was  then  washed  with  distilled  water  to  a  weak  alkaline  reaction. 

500  ml  of  catalyst  so  prepared  (400  ml  of  catalyst  with  2-3  mm  grains,  and  100  ml  with  3-5  mm  grains) 
was  put  into  the  reactor. 

Evaluation  of  tlie  hydrogenation  process.  For  estimation  of  the  degree  of  hydrogenation  of  the  glucose  so¬ 
lutions,  the  residual  sugar  (RS)  was  determined  once  or  twice  every  hour  by  the  Bertrand  method.  In  addition, 
the  dry  solids  content  of  each  sample  was  determined  refractometrically,  and  the  pH  of  the  medium  potentio- 
metrically.  The  permissible  RS  level  was  taken  to  be  V%  of  the  dry  solids. 

The  hydrogenation  fvocess  was  investigated  both  with  downward  and  with  upward  feeding  of  the  mixture  of 
solution  and  hydrogen  through  the  catalyst. 

For  comparison  of  the  relative  efficiency  with  downward  and  upward  feeding,  it  was  important  to  estimate 
the  activity  of  the  catalyst,  in  terms  of  hours  of  service  life,  and  the  amount  of  substance  hydrogenated  in  terms 
of  dry  solids. 

Downward  feed  of  the  components.  The  results  of  the  experiments  are  given  below  and  in  Fig.  4. 

Feed  rate  of  glu-  Operating  time  Residual  sugar 

cose  solution  at  this  feed  content  in  the 

(in  ml/hour)  rate  (hours)  last  hour  (%) 


1140 

760 

690 


8 

19 

66 


0.9 

0.83 

1.0 


When  the  glucose  solution  was  fed  at  1140  ml/hour  the  conversion  was  almost  complete  for  seven  hours. 

However,  after  the  eighth  hour  the  percentage  of  residual  sugars  in  the  sorbitol  almost  reached  the  per¬ 
missible  level  (0.9^o).  Therefore,  the  feed  rate  of  the  solution  was  lowered  to  760  mlAour,  and  from  the  9th  to 
the  27th  hour  of  operation  the  residual  sugar  content  rose  from  0.5  to  0.83‘)(). 

Because  of  the  increase  in  the  residual  sugars,  the  feed  rate  of  the  glucose  solution  was  again  lowered  to 
690  ml/hour;  the  loss  of  catalyst  activity  during  the  subsequent  66  hours  was  very  small.  With  downward  feeding 
of  the  glucose  solution -hydrogen  mixture  through  the  catalyst,  27.8  kg  of  glucose  was  hydrogenated  in  93  hours. 


The  average  rate  of  hydrogenation  was  therefore  300  g  of  glucose  per  hour;  l.e. ,  0,65  g  of  glucose  was  hydro¬ 
genated,  on  the  average,  per  1  g  of  nickel  per  hour. 

Upward  feed  of  the  components.  It  was  interesting  to  compare  the  results  obtained  with  downward  and 
upward  feeding  of  the  components  in  the  same  unit. 

A  fresh  portion  of  catalyst,  prepared  as  described  above,  was  used  for  the  study  of  hydrogenation  with  up¬ 
ward  feeding  of  the  components. 

The  results  of  the  experiments  are  given  below  and  in  Fig.  4. 


Feed  rate  of  glu 
cose  solution 
(in  ml/hour) 

190 

200 

220 


Operating  time 
at  this  feed 
rate  (hours) 

36 

11 

46 


Residual  sugar 
content  in  the 
last  hour  (<yo) 

0.23 

0.5 

0.54 


A  total  of  7.7  kg  of  glucose  was  hydrogenated  in  93  hours  with  upward  feeding  of  the  components.  The 
average  rate  of  hydrogenation  in  this  case  was  83  g  of  glucose  per  hour,  or  an  average  of  0.18  g  of  glucose  per 
1  g  of  nickel  per  hour. 

Comparison  of  the  results  obtained  by  the  two  different  feeding  methods  shows  that  the  hydrogenation 
rate  is  more  than  three  times  as  high  with  downward  feeding  of  the  mixture. 

At  the  end  of  the  experiments  the  activity  of  catalysts  used  for  93  hours  in  the  autoclave*was  tested  in 
the  unit. 

The  activity  of  fresh  catalyst  was  tested  for  comparison.  The  experimental  conditions  and  results  are 
given  in  Table  2. 

If  the  amount  of  glucose  hydrogenated  in  one  hour  per  1  g  of  nickel  in  the  fresh  catalyst  (I)  is  taken  as 
10O7o,  then  after  93  hours  catalyst  (II)  lost  34'7o  of  its  activity,  and  catalyst  III,  58.5<%. 

However,  having  lost  34^o  of  its  activity  in  93  hours,  catalyst  II  gave  an  average  hourly  hydrogenation 
of  0.18  g  of  glucose  per  1  g  of  nickel.  Catalyst  III,  which  lost  58.5‘7o  of  its  activity  in  93  hours,  gave  an  aver¬ 
age  hourly  hydrogenation  of  0.65  g  of  glucose  per  1  g  of  nickel. 

TABLE  2 

Studies  of  Comparative  Catalyst  Activity  (Time  1  hour,  concentration  of 
glucose  solution  2A.5f^o,  temperature  120*,  p  =  60  atm,  pH  =  8.5,  25  ml  of 
catalyst,  grain  size  2-3  mm) 


Amount  of  glucose 

Fresh  cata¬ 
lyst  I 

Catalyst 
used  with 

downward 

feeding 

Catalyst  used 
with  upward 
feeding 

Residual  in  solution  (%) 

11.6 

41.8 

63.7 

Hydrogenated  in  1  hour  {%) 

88.4 

58.2 

36,3 

Hydrogenated  in  1  hour  (g) 

21.7 

14.3 

8.9 

Per  1  g  of  nickel  per  hour  (g) 

0.94 

0.62 

0.39 

The  catalyst  efficiency  mainly  depends  on  the  hydrogenation  rate  and  the  corresponding  rate  of  de¬ 
crease  of  catalyst  activity,  and  therefore  the  catalyst  efficiency  Q  may  be  expressed  in  grams  of  glucose  hydro 
genated  per  1  g  of  nickel  for  a  decrease  of  1*70  in  the  activity,  by  the  follovring  formula; 

Q  =  (K-T)/f, 

•As  in  original  -  Publisher’s  note. 
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where  K  Is  the  amount  of  glucose  hydrogenated  (in  g  per  1  g  of  nickel  per  hour),  T  Is  the  hydrogenation  time 
(hours),  and  £  is  the  decrease  of  catalyst  activity  in  time  T  {^o). 

The  experimental  results  are  substituted  into  this  formula. 

In  hydrogenation  with  downward  feeding  (III)  we  have 


0.65-93 

58.5 


1.03 


g. 


and  in  hydrogenation  with  upward  feeding  (II)  we  have 


0.18-93 


=  0.49  g. 


Tims,  the  catalyst  efficiency  in  operation  by  procedure  (III)  is  double  that  in  procedure  (II). 

SUMMARY 

1.  Chromium -promoted  Raney  nickel  catalyst  Is  more  active  than  Raney  nickel  without  promoters  in  the 
hydrogenation  of  glucose  and  has  higher  stability. 

2.  Experiments  on  the  continuous  hydrogenation  of  aqueous  glucose  solutions  with  different  feed  procedure 
showed  that  when  the  components  are  fed  downward  into  the  reactor  (III),  the  hydrogenation  rate  is  three  times 
that  obtained  with  upward  feeding  (II). 

3.  Calculations  based  on  residual  activities  show  that  in  the  continuous  process  the  specific  consumption 
of  catalyst  in  the  hydrogenation  of  glucose  is  twice  as  high  in  procedure  (II)  as  in  procedure  (III). 

4.  The  lower  hydrogenation  rate  in  feeding  by  procedure  (II)  is  due  to  difficulties  in  transport  of  hydrogen 
to  the  catalyst  surface. 
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AGING  AND  T  H  ER  MO  OX  I D  A  T I V  E  DECOMPOSITION  OF  ET  H  Y  LC  EL  LU  L  O  SE 


O.P.  Koz'mina  and  V.I.  Kurllankina 
Institute  of  High-Molecular  Compounds,  Academy  of  Sciences  USSR 


Like  ordinary  ethers  -  ethyl  [1],  isopropyl  [2],  benzyl  [3]  and  others,  cellulose  ethers  can  also  be  oxidized 
by  molecular  oxygen. 

The  oxidative  conversion  of  allylcellulose  under  the  action  of  oxygen  was  studied  earlier  [4]  by  one  of  us. 
The  oxidation  of  ethylcellulose  (EC)  has  been  studied  by  McBurney  [5]. 

The  present  paper  deals  with  the  mechanism  of  aging  and  thermal  degradation  of  cellulose  ethers. 

Ethylcellulose  is  unchanged  when  heated  to  140-160*  in  an  oxygen-free  medium  (Fig.  1),  whereas  it,  pre¬ 
sence  of  oxygen  degradation  begins  even  at  lower  temperatures  -  the  molecular  weight,  mechanical  strength,  and 
film  elasticity  decrease  sharply  [6],  the  minimum  constant  viscosity  of  concentrated  solutions  falls  [7],  and  eth- 

oxyl  groups  are  split  off  while  carbonyl  and  carboxyl  groups  form  in 
the  ethylcellulose  molecule.  The  reaction  is  characterized  by  in¬ 
duction  periods  (Fig.  2),  which  are  followed  by  periods  of  accelera  - 
tion;  heat  is  evolved,  oxygen  is  rapidly  absorbed,  and  volatile  oxi¬ 
dation  products  such  as  acetaldehyde,  ethyl  alcohol,  formic  acid, 
ethyl  formate,  CO2.  etc.  are  split  off. 

The  length  of  the  induction  periods  depends  not  only  on  the 
temperature,  but  also  on  the  time  of  previous  aging,  and  is  deter¬ 
mined  by  the  formation  of  peroxide  groups  in  the  ether  molecule. 

If  the  peroxide  groups  are  removed  (destroyed)  under  mild  conditions, 
the  Induction  periods  in  the  oxidation  reaction  on  heating  are  in¬ 
creased  again  [8]. 

The  oxidation  of  ethylcellulose  by  oxygen  under  the  influence 
of  ultraviolet  radiation  is  analogous  to  the  oxidative  decomposition 
of  ethylcellulose  in  the  dark. 

EXPERIMENTAL 

Apparatus  and  experimental  conditions.  The  oxidation  of 
ethylcellulose  was  performed  in  a  vessel  with  a  porous  bottom, 
through  which  oxygen,  nitrogen,  or  carbon  dioxide  was  introduced 
from  below  through  a  long  tube  coiled  in  the  form  of  a  spiral  (to  heat  the  gas)  (Fig.  3). 

To  determine  the  oxygen  absorption,  the  reaction  vessel  1  was  connected  to  an  oxygen  buret.  The  oxida¬ 
tion  was  performed  in  a  closed  system,  with  continuous  circulation  of  the  gas  phase  through  absorbents  for  re¬ 
moval  of  volatile  reaction  products  from  the  oxygen.  The  circulation  was  effected  by  means  of  the  electromag¬ 
netic  pump  2  and  glass  valves  3,  at  a  constant  gas  rate.  The  contaminated  oxygen  from  the  reaction  vessel  1 


A 


Fig.  1.  Thermooxidative  decomposi¬ 
tion  of  ethylcellulose:  A)  intrinsic 
viscosity  [ij]  of  ethylcellulose  in  ace¬ 
tone;  B)  time  (hours);  I)  [ij]  of  eth¬ 
ylcellulose  at  140*  (in  nitrogen);  II) 
variation  of  [rj]  of  ethylcellulose  at 
140*  (in  air);  III)  the  same  (in  oxygen). 


♦Communication  III  in  the  series  on  the  oxidation  of  cellulose  ethers  by  molecular  oxygen. 
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B  C 


Fig.  2.  Effect  of  temperature  on  the  rate 
of  thermooxldative  decomposition  of 
ethylcellulose:  A)  [tj]  of  e th y Ice llu lose; 
B)  amount  of  acetaldehyde  (in  mg  per  g 
of  EC);  C)  amount  of  oxygen  absorbed 
(in  cc  per  g  of  EC);  D)  time  (hours);  I, 
r,  I")  decrease  of  [tj]  of  ethylcellulose 
at  140,  130,  and  125*;  II,  ir,  II")  evo¬ 
lution  of  acetaldehyde  at  140,  130,  and 
125*;  III,  III’)  absorption  of  oxygen  at 
140  and  130*. 

phthalate  in  the  measuring  buret  is  also  a 


was  drawn  through  the  absorption  flasks  containing  chromic 
mixture  4,  askanite,  and  a  drying  agent  5,  The  buret  6,  con¬ 
taining  water  as  the  measuring  liquid,  was  connected  in  the  sys¬ 
tem  along  the  path  of  the  contaminated  oxygen,  which  was 
therefore  dried  in  the  absorption  flasks  and  entered  the  reaction 
vessel  from  below.  The  system  was  maintained  at  atmospheric 
pressure  by  means  of  the  mercury  circuit  closer  7,  connected 
through  the  relay  8  to  the  electrolytic  cell  9.  The  latter  was 
connected  to  the  bulb  10  of  the  buret.  The  cell  was  automati¬ 
cally  put  into  circuit  as  the  pressure  in  the  system  fell,  and  un¬ 
der  the  pressure  of  the  carbon  dioxide  liberated  in  the  electro¬ 
lysis  of  sodium  oxalate  the  water  in  die  buret  rose  until  the 
pressure  became  equal  to  atmospheric;  the  system  contained  a 
pressure  compensator  11,  the  volume  of  which  was  equal  to  the 
total  volume  of  the  heated  parts  of  the  apparatus. 

If  the  reaction  is  performed  without  removal  of  the  vola¬ 
tile  products,  as  in  McBumey’s  experiments  [5],  the  oxidation 
proceeds  irregularly,  the  volatile  products  must  be  blown  out  at 
intervals,  and  the  oxygen  consumption  increases  as  the  result  of 
secondary  processes.  McBurney's  procedure  has  other  defects: 
if  the  oxidation  is  performed  in  a  flask  with  a  stirrer,  the  mix¬ 
ing  is  not  uniform,  because  the  dry  ethylcellulose  is  readily 
electrified  and  adheres  to  the  walls  of  the  vessel  and  the  stirrer, 
while  the  mercury  seal  is  not  safe,  because  mercury  vapor  which 
accelerates  oxidation  may  enter  the  flask;  the  use  of  dibutyl 
bad  choice.  These  defects  are  eliminated  in  our  method. 


Aging  of  ethylcellulose.  When  ethylcellulose  is  kept  at  room  temperature,  oxygen  is  slowly  absorbed;  af¬ 
ter  some  time  (three  to  four  months  after  preparation)  the  ethylcellulose  gives  a  positive  reaction  for  peroxides 
and  acetaldehyde  can  be  detected. 


Fig.  3.  Apparatus  for  oxidation  of  ethylcellulose.  Explanations  in  text. 
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TABLE  1 

Composition  of  the  Liquid  Oxidation  Products  of  Ethylcellulose 

Fractions 

Boiling  point 

rc) 

Amounts  of 
fraction  {%) 
under  differ¬ 
ent  experi¬ 
mental  con¬ 
ditions 

Composition 

Characteristics** 

I 

21 

50-60 

Acetaldehyde 

Boiling  point  21*;  2,4-dlnitro- 
phenylhydrazone  m.p.  167-168*; 
condensation  product  with  dimedon, 
m.p.  139-140*  (no  m.p.  depression 
with  mixed  samples) 

II 

51-54 

10-25 

Ethyl  formate  (with  ad¬ 
mixture  of  I) 

B.p.  54*.  n*®D  1.3598,  difficultly 
soluble  in  water,  ester  number  0.53  g 

NaOH  per  1  g  of  substance;  sapon¬ 
ification  gives  C2H5OH  and  HCOOH 

m* 

65-76 

0-4 

Mixture  of  II  and  IV  with 
admixture  of  methylglyoxal 

Greenish,  polymerizes  readily; 
dioxime  gives  a  red  complex  with 
salts 

IV 

76-78 

10-20 

Ethyl  alcohol  (with  ad¬ 
mixture  of  II  and  III) 

B.p.  78*,  n*"D  1.3620,  forms  iodo¬ 
form,  iodine  number  of  xanthate 

796  mg  iodine  per  1  g  of  xanthate; 
m.p.  of  diethylxanthide  ~30* 

V 

Residue,  not 
distilled 

97-100 

10-20 

Water,  ethyl  alcohol, 
traces  of  aldehydes,  perox¬ 
ides,  and  unsaturated  com¬ 
pounds 

Reaction  with  the  Fischer  reagent, 
formation  of  esters  and  iodoform 

Acids 

105-110 

0-25 

Formic  acid  (~80^o  of 
the  total).  Acetic  acid 

Reduction  of  Ag'*'  salt  solutions, 
quantitative  oxidation  by  KMNO4, 

Pb(HCOO)2  formed  as  characteristic 
needles  (<^  Pb  found  69.60,  calcu¬ 
lated  69.71);  characteristic  crys¬ 
tals  of  AgOOCCHj 

•Methylglyoxal  is  formed  only  In  the  oxidation  of  unpurified  ethylcelluloses,  containing  ~0.5<yo  ash,  at  140*. 
**The  data  refer  to  individual  substances  isolated  from  the  primary  fractions  (Column  4). 


TABLE  2 

Oxidation  of  Ethylcellulose  for  Five  Hours  at  150* 


Weight  loss 

Ethoxyl  con- 

Volatile  reaction  products  (mg  per  g  of  EC) 

CHsCHO  content 

O2  consumption 

of  EC  (<7o) 

tent  after 

CHjCHO 

Acids  converted 

CO2 

(as  ^  of  ethoxyl 

(in  ml  per  g  of 

oxidation  {<^0) 

to  HCOOH 

loss) 

EC)  at  20*, 

760  mm 

7.48 

39.92 

59.2 

35.5 

15.1 

59.3 

60 

There  can  be  no  doubt  that  peroxides  of  ethylcellulose  are  formed:  the  peroxide  number  is  not  changed 
either  by  vacuum  treatment  of  the  specimens  or  by  dialysis  of  ethylcellulose  solutions.  For  example,  when 
sample  808-N  had  been  stored  for  a  long  time  its  peroxide  number  was  6.4  ml  of  0.01  N  Na2S203  solution  per 
5  g  of  ethylcellulose;  after  vacuum  treatment  it  was  6.32  ml  and  after  dialysis  of  an  alcoholic  solution,  6.30 
ml.  The  peroxide  and  acetaldehyde  contents  increase  so  little  during  further  storage  that  for  many  months  the 
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Fig.  4.  Absorption  of  oxygen  by  ethyl- 
cellulose  at  130*,  with  O2  circulated  at 
3  litersAour  (duplicate  experiments): 
A)  amount  of  O2  absorbed  (per  1.5  g  of 
EC):  B)  time  (hours). 


oxidation  does  not  influence  either  the  ethoxyl  content  or  the 
degree  of  polymerization,  and  only  affects  the  rate  of  thorino- 
oxldative  decomposition.  Whereas  sample  808-N  initially  required 
ten  hours  of  oxidation  in  oxygen  at  130*  to  attain  a  certain  degree 
of  degradation,  after  three  months  the  oxidation  time  became  five 
hours,  and  after  six  months,  three  hours.  Samples  kept  for  a  long 
time,  containing  peroxide  groups,  are  characterized  by  a  jump  on 
the  oxygen -absorption  curve  at  the  start  of  heating  (Fig.  4),  while 
the  curve  for  freshly  prepared  ethylcellulose  ascends  smoothly 
(Fig.  2). 

Oxidation  of  ethylcellulose  on  heating.  The  material  used 
was  technical  ethylcellulose  with  ethoxyl  contents  from  47  to  49^0, 
freed  from  mineral  Impurities  down  to  O.Ol'yo  ash  content  by  fil¬ 
tration  of  dilute  solutions  through  columns  with  activated  carbon, 
and  re  precipitated  in  the  form  of  a  loose  mass.  If  the  precipita¬ 
tion  conditions,  the  amount  of  ethylcellulose  taken  for  the  reac¬ 
tion,  oxygen  rate,  and  temperature  were  kept  constant,  reprodu¬ 
cible  results  were  obtained  both  for  the  amount  of  oxygen  ab¬ 
sorbed  (Fig.  4),  and  for  the  percentage  decrease  of  ethoxyl  content 


Fig.  5.  Potentiometric  titration  curves  of  ethylcellulose 
with  alkali,  before  and  after  oxidation  (parallel  deter¬ 
minations);  A)  potential  (mv);  B)  volume  of  0.0926  N 
NaOH  (ml).  Ethylcellulose:  I)  original;  II)  oxidized. 


and  the  liberation  of  volatile  oxidation  products.  Oxidation  was  studied  at  various  temperatures  (70,  90,  125, 
130  and  140*);  the  only  observed  differences  were  in  the  reaction  rate,  while  the  composition  of  the  volatile 
products  remained  similar. 


591 


For  accumulation  of  the  volatile  reaction  products,  large 
amounts  of  purified  and  unpurified  factory  samples  of  various 
grades  of  ethylcellulose  were  oxidized.  One  kilogram  of  ethyl- 
cellulose  yielded  from  70  to  150  ml,  according  to  the  degree  of 
oxidation,  of  condensed  volatile  products  collected  in  traps 
cooled  to  -80*.  The  composition  of  the  condensate  did  not  de¬ 
pend  on  the  degree  of  substitution  in  the  range  studied,  but  the 
proportions  of  the  components  varied  with  the  oxidation  condi¬ 
tions.  Under  milder  conditions  the  reaction  products  contained 
up  to  3<yo  of  peroxides;  the  peroxide  content  decreased  with  in¬ 
crease  of  temperature  and  of  the  thickness  of  the  ethylcellulose 
layer,  and  with  decrease  of  the  oxygen  rate.  The  highest  acid 
content  was  obtained  at  125*;  if  the  temperature  was  raised  to 
140*  and  the  oxygen  was  passed  slowly,  there  were  no  acids  in 
the  volatile  products.  The  condensate  was  fractionated  at  a  very 
low  vapor  rate  in  an  empty  column;  this  gave  sharp  separation 
of  the  fractions.  If  the  condensates  contained  acids,  these  were 
previously  removed  as  the  barium  or  calcium  salts  (by  neutrali¬ 
zation  with  calcium  or  barium  carbonates). 

The  composition  of  the  fractions  obtained  after  oxidation 
of  ethylcellulose  under  various  conditions  is  given  in  Table  1. 

A  more  detailed  investigation,  widi  quantitative  evaluation  of  the  course  of  oxidation  and  analysis  of  the 
oxidized  product,  was  performed  with  a  sample  of  ethylcellulose  808-N,  containing  47.23‘^  ethoxyl  and  0. 008^0 
ash.  Similar  amounts  (1-1.5  g)  of  ethylcellulose  were  oxidized  under  the  same  conditions:  at  130*,  oxygen 
blown  through  at  3  liters  per  hour  for  five  hours  (until  the  substance  began  to  liquefy). 

In  one  series  of  experiments  the  weight  changes  of  the  ethylcellulose  during  oxidation,  ethoxyl  loss, 
amount  of  oxygen  absorbed,  and  the  volatile  products  formed  were  determined  (Table  2  and  Fig.  4),  and  in  the 
other  series  the  oxidized  ethylcellulose  was  analyzed  (Table  3,  Figs.  5  and  6). 


TABLE  3 

Characteristics  of  Original  and  Oxidized  Ethylcellulose 


Ethylcellulose 

Melting 

Molecu  - 

Ethoxyl 

1  Carboxyl  (^o) 

Aldehyde 

Carboxylic 

point 

CO 

[rj] 

lar  wt.* 
1-10® 

m 

total 

uronic 

groups 

m 

ester  groups 

m 

Original 

Oxidized: 
a)  water -insoluble 
fraction  (after 

185 

2.20 

50 

47.23 

0.10 

0.04 

Nil 

Nil 

dialysis) 

b)  water-soluble 

135 

0.12 

2 

38.2 

! 

1.40 

0.95 

2.6 

0.2 

fraction 

80 

- 

- 

31.3 

6.2 

2.0 

6.7 

0.3 

•The  molecular  weight  was  determined  by  sedimentation  in  the  ultracentrifuge;  [q]  is  the  intrinsic  viscosity  in 
alcohol -benzene  mixture. 


A  OH  C^O 


Fig.  6.  Transmission  spectrum  of  ethyl¬ 
cellulose  in  the  infrared  region:  A) 
transmission  (<^1;  B)  wavelength  K. 
Ethylcellulose:  I)  original;  II)  oxidized. 


Acetaldehyde  was  determined  quantitatively  by  means  of  the  dimedon  reaction  [9]  and  by  the  hydroxyl- 
amine  method,  which  also  gave  the  volatile  acids  formed  in  the  reaction  (by  difference  of  the  pH  during  titra¬ 
tion). 

The  errors  in  the  determinations  of  aldehyde  and  acids  under  dynamic  conditions  were  determined  by 
means  of  control  experiments  on  synthetic  mixtures,  and  allowed  for  in  the  calculatidns. 

The  average  results  of  ten  parallel  experiments  are  given  in  Table  2. 


The  acetaldehyde  corresponds  to  about  60yo  of  the  ethoxyl  groups  split  off,  while  the  remaining  40yo  is  dis¬ 
tributed  between  ethyl  alcohol  in  the  free  state  and  as  ethyl  formate. 

The  oxidized  ethylcellulose  was  greatly  degraded  and  heterogeneous;  a  considerable  amount  of  it  was 
soluble  in  water,  whereas  the  original  material  was  completely  insoluble. 

Elementary  Composition  of  Ethylcellulose  {^) 

Original  C  56.11,  H  9.09,  0  34.14. 

Oxidized  C  54.47,  H  8.63,  0  37.16. 

The  water-soluble  portion  (20'^  of  the  total)  was  extracted,  dried,  and  obtained  in  the  form  of  a  brittle 
mass,  readily  ground  to  powder.  The  insoluble  (main)  fraction  was  dialyzed  in  alcoholic  solution  to  remove 
low-molecular  impurities.  About  3%  of  the  substance  was  dialyzed  out;  the  composition  of  this  was  similar  to 
that  of  the  substance  obtained  from  the  aqueous  extract. 

The  characteristics  of  the  oxidized  and  original  ethy Ice llu loses  are  compared  in  Table  3. 

The  carboxyl  group  content  (total)  was  determined  by  potentiometric  titration  in  alcoholic  solution  in  a 
nitrogen  atmosphere  (Fig.  5).  The  potential  changes  abruptly  at  pH  =  7.5 -9.5.  Alkali  continues  to  be  absorbed 
in  the  alkaline  region  as  the  result  of  a  side  reaction,  probably  with  aldehyde  groups. 

Carboxylic  ester  groups  were  determined  by  saponification  by  cold  1<^  NaOH  solution,  by  the  method  of 
Kaverzneva,  Ivanov  and  Salova  [10]. 

Carbonyl  groups  were  determined  by  the  hydroxy lamine  [11]  and  iodine  methods.  However,  in  the  reac¬ 
tion  of  ethylcellulose  with  hydroxylamine  in  alcoholic  solution  the  pH  change  is  slight,  and  reliable  results  can¬ 
not  be  obtained  by  titration  of  the  liberated  acid.  The  carbonyl  group  content  can  be  estimated  from  the  amount 
of  combined  nitrogen  in  the  ethylcellulose;  this  was  0.95^o,  corresponding  to  0.7  millimole  of  carbonyl  groups 
per  1  g  of  ethylcellulose  (the  excess  hydroxylamine  was  first  removed  by  dialysis  of  the  solution  to  a  negative 
Bamberger  reaction). 

The  determination  by  the  iodine  method  was  performed  in  a  carbonate  buffer  solution  at  pH  9.5.  A 
weighed  sample  of  oxidized  ethylcellulose  was  dissolved  in  5  ml  of  pure  dioxan;  when  the  carbonate  buffer  was 
added,  the  ethylcellulose  remained  in  the  form  of  a  fine  susf)ension  which  did  not  settle  or  adsorb  iodine.  The 
subsequent  analysis  followed  the  usual  procedure.  A  blank  experiment  was  also  performed.  Iodine  was  not  ad¬ 
sorbed  during  a  second  treatment  with  iodine  under  the  same  conditions.  The  iodine  number  of  the  original 
ethylcellulose  was  determined  by  the  usual  method  in  heterogeneous  conditions,  with  addition  of  alcohol  (after 
acidification)  to  dissolve  the  ethylcellulose. 

Determination  of  functional  groups  by  infrared  spectroscopy  (from  V.N.  Nikitin’s  experiments).  The  total 
contents  of  carbonyl,  carboxyl,  and  other  groups  containing  the  -C  =  0-  bond,  and  of  hydroxyl  groups,  were  de¬ 
termined  in  the  original  and  oxidized  ethylcellulose.  5^o  solutions  in  chloroform  were  used.  ‘  The  absorption 
maxima  were  found  at  5.1  n  for  the  carbonyl  group  and  2.8u  for  the  hydroxyl  group  (Fig.  6). 

SUMMARY 

1.  The  degradation  of  ethylcellulose  on  heating  (at  100-150*)  is  caused  by  oxidation  by  atmospheric  oxy¬ 
gen.  Under  the  same  conditions, but  in  absence  of  oxygen,  ethylcellulose  is  stable  when  heated. 

2.  The  oxidation  of  ethylcellulose  by  oxygen  is  characterized  by  an  induction  period  the  length  of  which 
depends  on  the  temperature  and  the  aging  time. 

3.  Degradation  is  the  consequence  of  decomposition  of  peroxides  formed  by  the  addition  of  oxygen  mole¬ 
cules  to  the  ether  groups.  Peroxide  groups  are  formed  even  at  room  temperature  during  aging  of  ethylcellulose. 

4.  Thermooxidatlve  decomposition  decreases  the  molecular  weight  of  ethylcellulose,  ethoxyl  groups  are 
split  off  in  the  form  of  ethyl  alcohol  and  acetaldehyde,  and  formic  acid,  ethyl  formate,  and  carbon  dioxide  are 
formed;  carboxyl  and  carbonyl  groups  are  formed  in  the  ethylcellulose  molecule  as  a  result. 
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ISOLATION  OF  PURE  D  E  X  TRO  P I  M  A  RI C  ACID  FROM  P.  SILVESTRIS  OLEORESIN 


1. 1.  Bardyshev,  A.G.  Sokolov  and  O.I.  Cherniaeva 

The  purpose  of  the  present  work  was  isolation  of  pure  dextropimaric  acid  from  domestic  P.  silvestris  oleo- 
resin  and  determination  of  its  physical  constants  which,  as  is  seen  from  the  data  below,  show  considerable  varia¬ 
tions. 

f 

Dextropimaric  acid  was  first  isolated  by  Cailliot  [1]  from  the  oleoresin  of  P.  maritima  by  crystallization 
of  the  resin  acids  from  alcohol.  The  acid  obtained  had  m.p.  above  200*,  [alp  +  56*,  and  crystallized  in  the 
form  of  plates. 

Vesterberg  [2]  isolated  "pimaric"  acid  with  m.p.  130-140*  and  [alp  ~58.6*  from  the  oleoresin  of  P.  mari¬ 
tima  by  crystallization  from  alcohol.  After  treatment  of  this  acid  with  2P]o  aqueous  caustic  soda  and  recrystalli¬ 
zation  of  the  salt  from  hot  water,  the  sodium  salt  was  decomposed  by  hydrochloric  acid  and  recrystallized  re¬ 
peatedly  from  alcohol.  This  gave  dextropimaric  acid  with  m.p.  210-211*  and  [a][)  +72.5*. 

Tschugaeff  and  Theary  [3]  treated  galipot  by  Vesterberg's  method  and  isolated  dextropimaric  acid  with 
m.p.  211-212*  and  [aJo  +75.5*. 

Dupont  [4],  in  isolating  dextropimaric  acid  by  Vesterberg’s  method,  used  strong  acetic  acid,  which  iso- 
merized  levopimarlc  acid  into  abietic  acid.  The  following  constants  are  given  by  Dupont  for  dextropimaric 
acid:  m.p.  211-212*  and  [alp  +63.5*  (in  alcohol). 

Ruzicka  and  Balas  [5]  used  Vesterberg's  method  to  prepare  dextropimaric  acid  from  the  oleoresin  of  Picea 
excelsa.  Their  dextropimaric  acid  had  the  following  constants:  m.p.  211-212*,  [a]£)  +57,7*  (0.48‘7o  solution  in 
absolute  alcohol)  and  [a]D  +59.7*  (2.9<7o  solution  in  absolute  alcohol). 

Balas  [6]  isolated  dextropimaric  acid  widi  m.p.  211-212*  and  [ajp  +79.3*  from  the  oleoresin  of  P.  mari¬ 
tima.  He  obtained  well-defined  crystalline  salts  of  dextropimaric  acid  with  various  organic  bases  -  propylamine, 
dipropylamine,  etc. 

Kraft  [7]  isolated  dextropimaric  acid  with  m.p.  211*  and  [ajp  +52.9*  from  the  oleoresin  of  P.  palustris  by 
successive  crystallization  first  of  the  ammonium  and  then  of  the  sodium  salts  of  the  resin  acids. 

Shkatelev  [8]  was  the  first  to  isolate  dextropimaric  acid  from  the  common  pine  (P.  silvestris),  which  is 
very  widespread  in  our  country,  by  the  following  method.  He  isomerized  the  resin  acids  by  means  of  strong  hy¬ 
drochloric  acid,  and  crystallized  the  resultant  mixture  of  acids  from  alcohol.  After  separation  of  abietic  acid, 
dextropimaric  acid  was  precipitated  from  the  mother  liquor;  after  several  recrystallizations  from  alcohol  it  had 
m.p.  210*  and  [a]^  +69.7*. 

Krestinskii  et  al.  [9]  separated  the  resin  acids  from  P.  silvestris  by  Vesterberg’s  method,  by  crystallization 
of  the  sodium  salts  of  pimaric  acid  from  hot  water.  From  the  more  difficultly  soluble  sodium  salt  dextropimaric 
acid  with  m.p.  211-212*  and  [a]p  +71.25*  (in  alcohol)  was  obtained. 

Sandermann  [10]  prepared  dextropimaric  acid  as  follows.  A  boiling  solution  of  the  resin  acids  in  methyl 
alcohol  was  treated  with  p-quinone.  After  separation  of  the  addition  compound  of  p-quinone  and  levopimaric 
acid,  the  mother  liquor  was  concentrated  and  crystals  of  dextropimaric  acid  separated  out.  After  recrystalliza¬ 
tion  from  acetone,  and  then  from  glacial  acetic  acid  and  methanol,  dextropimaric  acid  was  obtained  with  m.p. 
210-211*  and  [a]p  +75*  (in  chloroform). 
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It  Is  seen  from  this  survey  that  most  authors  give  the  following  constants  for  "dextropimaric"  acid:  m.p, 
210-212*.  and  [ab  +63.5*  to  +75.5“  (in  alcohol). 

However,  the  most  recent  work  shows  that  this  acid  is  not  the  pure  substance  but  a  mixture  of  isomers: 
dextropimaric  acid  (I)  and  Isodextroplmarlc  acid  (II).  These  acids  differ  only  by  the  spatial  positions  of  the 
methyl  and  vinyl  radicals  at  the  seventh  carbon  atom. 


H.C^  COOH 


I 


III 


CH, 


11 

v< 


Harris  and  Sanderson  [11]  succeeded  in  separating  these  two  isomeric  acids  and  obtaining  them  in  relatively 
pure  forfn. 

To  separate  these  acids  from  accompanying  substances,  these  authors  prepared  their  amine  salts,  a  method 
first  used  by  Balas,  and  later  by  Palkin  and  Harris  [12]  and  by  Bardyshev  [13].  Harris  and  Sanderson  [14]  used 
crystallization  of  the  amine  salts,  and  also  the  addition  reaction  of  maleic  anhydride  with  resin  acids  containing 
conjugated  double  bonds,  to  isolate  from  P.  palustris  oleoresin,  and  from  the  wood  and  gum  rosins,  dextropimaric 
acid  of  a  high  degree  of  purity,  with  m.p.  217-219*  and  [aj^p  +79*  (l^o  solution  in  absolute  alcohol). 

Our  aim  in  the  present  investigation  was  to  obtain  pure  dextropimaric  acid  from  the  oleoresin  of  P.  silves- 

tris. 


To  remove  isodextroplmarlc  acid,  which  is  difficult  to  separate  from  dextropimaric  acid,  we  recrystallized 
bornylamlne  pimarates  from  alcohol.  As  already  reported  [13],  this  method  was  used  with  success  for  the  prepa¬ 
ration  of  pure  abietic  acid.  This  method  fully  justified  itself  in  the  present  instance  abo.  Our  dextropimaric 

acid  melted  within  1*  at  219*,  and  had  [aj^o  +82.5*  (1%  solution  in  ab- 
solute  alcohol),  so  that  it  was  the  purest  sample  of  dextropimaric  acid 
described  so  far  in  the  literature. 

The  ultraviolet  absorption  spectrum  of  the  dextropimaric  acid* 

(see  figure)  has  no  maximum;  this  indicates  an  absence  of  conjugated 
double  bonds,  and  is  a  characteristic  feature  of  resin  acids  of  this  type. 

EXPERIMENTAL 

Isolation  of  the  mixture  of  crystalline  resin  acids  from  the  oleo¬ 
resin.  A  weighed  sample  of  the  oleoresin  was  ground  in  a  porcelain  mor¬ 
tar  with  a  small  quantity  of  light-boiling  ligroine  (b.p.  up  to  100*)  until 
a  homogeneous  mobile  mass  was  obtained,  and  the  liquid  portion  was 
separated  by  suction  on  a  Buchner  funnel.  The  mixture  of  resin  acids 

,,,  ,  ,  ,  was  re  crystallized  twice  from  acetone.  The  filtered  solution  was  cooled 

Ultraviolet  absorption  spectrum  ..  .  ...  .  .  „  . 

,  ,  ,  .  ,  ,  .  rapidly,  the  precipitated  crystals  were  pressed  out  again  on  a  Buchner 

of  dextropimaric  acid:  A)  spe-  ,  ^  ^  , 

,  ,,,  .  funnel,  and  recrystallized  from  acetone,  but  this  time  slowly.  The  mix- 

cific  absorption  coefficient  a;  .  .  •  ju  j 

.  X .  ture  of  crystalline  resin  acids  so  obtained  had  m.p.  139.5-143  . 

B)  wavelength  (m\).  ^  ^ 


Preparation  and  recrystallization  of  the  crystalline  sodium  salts. 

The  resin  acids  were  converted  into  their  sodium  salts.  The  resin  acids 
were  ground  to  a  powder  and  transferred  in  portions  to  1.5^o  aqueous  caustic  soda.  The  amount  of  caustic  soda 
was  taken  in  slight  excess  (2^o)  above  the  calculated  amount.  The  resin  acids  were  saponified  with  the  solution 
heated  to  40*.  The  transparent  solution  of  the  sodium  salts  of  the  resin  acids  was  left  to  crystallize  slowly.  The 


•l<7o  solution  in  95^o  ethyl  alcohol. 
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sodium  salts,  which  separated  out  in  the  form  of  white  nacreous  plates,  were  filtered  off  and  recrystallized  from 
hot  water  (not  above  50*).  The  experimental  results  are  presented  in  Table  1. 


Fraction  No.  1,  which  was  the  richest  in  the  sodium  salts  of  dextroplmaric  acid,  was  crystallized  stepwise 
from  hot  water.  The  results  of  the  crystallizations  are  given  in  Table  2. 


TABLE  1 

Experiments  on  the  Preparation  of  Sodium  Salts  of  Resin  Acids 


Fraction 

Temperature  condi- 

Specific  rotation^ 

tions 

expt.  No.  1 

expt.  No.  2 

Fraction  No.  1 

Cooled  to  32* 

-  78.8* 

-  70.4* 

Fraction  No.  2 

Cooled  from  32  to 

-  82.3* 

Fraction  No.  3 

27* 

Cooled  from  27  to 

j 

-164.8* 

-127.5* 

15* 

*The  specific  rotation  was  always  determined  for  1<^  solutions  of  the  salts  in 
9&7o  alcohol. 


TABLE  2 

Re  crystallization  of  Fraction  No.  1 


Fraction 

Specific 

Change  of 

specific  rotation  on  recrystallization 

rotation 

[alD 

1 

2 

3 

4 

5 

Fraction  No.  1  from 

-78.8* 

-58.3* 

-24.03* 

+  !*• 

+  9.3* 

+  38.3* 

Expt.  No.  1 

Fraction  No.  1  from 

-70.4* 

-51.52* 

-34.3* 

+  2.76* 

— 

— 

Expt.  No.  2 

Fraction  No.  !••  from 
Expt.  No.  2 

-70.4* 

-33.15* 

-  8.10* 

+  17.8* 

*The  crystal  fraction  was  divided  into  two  parts,  one  of  which  was  recrystallized  further,  but  the  other  was  not. 
••Fraction  No.  1  from  Experiment  No.  2  was  divided  into  two  portions. 

Recrystallization  of  free  resin  acids.  The  solubility  in  water  of  the  sodium  salts  of  the  resin  acids  fell 
sharply  as  the  fractions  became  richer  in  dextroplmaric  acid,  and  also  as  the  result  of  hydrolysis.  Therefore, 
further  purification  of  the  dextroplmaric  acid  was  effected  by  crystallization  of  the  acids  from  alcohol. 

The  sodium  salts  were  decomposed  by  shaking  in  a  separating  funnel  with  0.5  N  hydrochloric  acid  in  pre¬ 
sence  of  ethyl  ether.  This  treatment  was  repeated  three  times,  1,  0.5,  and  0.25  of  the  calculated  amount  of  hy¬ 
drochloric  acid  being  added.  The  ether  extracts  were  combined,  washed  with  distilled  water  until  the  wash  waters 
were  neutral  to  methyl  orange,  dried  over  calcined  sodium  sulfate,  and  the  ether  was  evap>orated  off  on  a  water 
bath.  The  free  resin  acids  were  re  crystallized  several  times  from  alcohol.  The  results  of  the  recrystallization 
are  given  in  Table  3. 

Further  recrystallization  did  not  give  the  desired  result,  but  merely  led  to  loss  of  the  substance. 

Recrystallization  of  bornylamine  dextropimarate  and  preparation  of  pure  dextroplmaric  acid.  Further  puri¬ 
fication  of  dextroplmaric  acid  was  effected  by  recrystallization  of  bornylamine  dextropimarate.  Acid  fractions 
with  [alo  +  62.9,  64,  69.6*  were  dissolved  in  ethyl  ether,  and  the  calculated  quantity  (1  mole ;  1  mole)  of  a  sat¬ 
urated  solution  of  bornylamine  in  ether  was  added.  Because  of  the  formation  of  bornylamine  dextropimarate 
(C19H29COOH  •  NH2C10H17).  which  is  almost  insoluble  in  cold  ether,  the  solution  gradually  set  to  a  white  compact 
mass. 
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TABLE  3 


Recrystallization  of  Free  Resin  Acids 


Fraction 

Specific  ro¬ 
tation  [a]n 
of  fractions 

enriched 
with  sodium 
dextropi¬ 
marate 

Change  of  specific  rotation  on  re- 
crystallization  of  free  resin  acids 

1 

2 

3 

Fraction  No.  1  from  Expt. 

+  38.3* 

+  50* 

+  60.5* 

+  62.9* 

No.  1 

Fraction  No.  1  from  Expt. 

+  1.0* 

+  35.1* 

+  55.1* 

+  69.6* 

No.  1  (after  3rd  recrys- 

tallization) 

Fraction  No.  1  (combined) 

+  2.76* 

+  47.2* 

+  59.4* 

+  54.5* 

from  Expt.  No.  2 

+  17.8* 

The  ether  was  removed  by  suction  through  a  No.  3  Schott  funnel,  and  the  salt  was  washed  with  a  small 
quantity  of  ether  in  order  to  remove  any  accidental  excess  of  either  of  the  reagents.  Bornylamine  dextropima* 
rate  was  then  recrystallized  three  times  from  ethyl  alcohol. 

After  tlie  first  re  crystallization  the  salt  had  [alp  +47.5*.  after  the  second,  +48.5t  and  after  the  tfiird,  +49.0*. 
The  dextropimaric  acid  isolated  from  this  salt  had  m.p.  218.5-219*  and  [a]p  +77.5*. 

The  bornylamine  dextropimarate  was  decomposed  in  a  separating  funnel  by  treatment  with  the  calculated 
quantity  of  0.5  N  hydrochloric  acid  in  presence  of  ether.  This  treatment  was  repeated  three  times.  The  com¬ 
bined  ether  extracts  were  washed  with  distilled  water  to  a  neutral  reaction  with  methyl  orange,  dried  over  cal¬ 
cined  sodium  sulfate,  and  the  ether  was  evaporated  off  on  a  water  bath.  The  crystals  so  formed  were  recrystal¬ 
lized  three  times  from  alcohol  to  give  dextropimaric  acid  with  m.p.  219*  and  [alp  +82.5*  {V’jo  solution  in  abso¬ 
lute  alcohol). 


SUMMARY 

The  dextropimaric  acid  isolated  by  the  proposed  method  from  the  oleoresin  of  P.  silvestris  had  m.p.  219* 
(uncorrected,  in  sealed  capillary),  and  +82.5*  (l<7o  solution  in  99.2^o  ethyl  alcohol). 
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SOME  PECULIARITIES  OF  THE  REACTION  OF  FORMATION  OF  ETHYLENE  OXIDE 

FROM  ETHYLENE  C  HL  ORO  H  Y  DRI N  • 

P.V.  Zimakov  and  L.M.  Kogan 


Ethylene  oxide  is  a  very  reactive  substance  and  is  of  great  importance  in  the  production  of  glycols,  their 
ethers,  and  a  number  of  other  substances  [1]. 

During  the  postwar  years  the  field  of  application  of  ethylene  oxide  has  widened  further,  mainly  in  the  pro¬ 
duction  of  nonionic  surface -active  substances  [2],  in  the  synthesis  of  intermediates  for  synthetic  fibers,  and  in 
certain  odier  processes.  Despite  the  ever-increasing  importance  of  the  direct  oxidation  of  ethylene  as  a  method 
for  the  production  of  ethylene  oxide,  the  decomposition  of  ethylene  chlorohydrin  is  still  a  method  of  considerable 
significance.  This  is  due  to  the  simplicity  of  the  chlorohydrin  process,  the  possibility  of  using  ethylene  at  al¬ 
most  any  concentration,  the  possibility  of  the  simultaneous  production  of  propylene  oxide,  and  certain  other 
causes. 

In  the  light  of  the  foregoing,  and  also  because  large  amounts  of  ethylene  and  chlorine  are  now  used  in  the 
production  of  ethylene  oxide,  it  is  necessary  to  carry  out  further  studies  and  improvements  of  the  production  of 
ethylene  oxide  through  ethylene  chlorohydrin. 

The  preparation  of  ethylene  oxide  was  first  described  by  Wiirtz  [3].  He  performed  the  reaction  between 
ethylene  chlorohydrin  and  caustic  alkalies  in  an  aqueous  medium  at  90-100* 

HO-CH2  H2C— CHg 

I  -1  iMcOH->  \/  -j-H20  +  MeCl. 

CI-CH2  O 

Smith  [4]  carried  out  a  similar  decomposition  of  ethylene  chlorohydrin  by  calcium  and  barium  hydroxides 
[4].  In  Russia,  the  properties  of  ethylene  oxide  were  studied  by  Kashirskii  [5],  El’tekov  [6],  and  Krasuskii  [7]. 
Several  papers  have  been  published  on  the  kinetics  of  formation  of  ethylene  oxide  from  ethylene  chlorohydrin. 

It  has  been  shown  that  this  reaction  is  a  reaction  of  the  second  order  [4,  8].  There  are  numerous  patents  in  which 
different  methods  and  apparatus  for  the  technical  utilization  of  this  reaction  are  described  [9, 10].  The  technology 
of  ethylene  oxide  has  been  developed  in  a  number  of  scientific  research  organizations  of  the  USSR  by  Dyment, 
Beschastnyi,  Maiorov,  Telitsina,  et  al.  [11],  Kedrinskii  and  his  associates  [12],  and  others. 

In  modern  Industrial  processes  the  yield  of  ethylene  oxide  is  85-967o;  the  rest  of  the  ethylene  chlorohydrin 
is  converted  into  ethylene  glycol  [13-18]. 

There  are  very  few  published  papers  on  the  mechanism  and  the  characteristics  of  this  reaction  (apart  from 
the  kinetic  studies  already  mentioned).  This  also  applies  to  the  monographs  by  Doroganevskaia  and  Churakov 
[19],  Zimakov  [1],  and  Kogan  [13],  which  deal  specifically  with  ethylene  oxide.  Papers  published  after  these 
monographs  [14-18]  give  only  technical  details  of  the  process. 

This  situation  has  led  to  the  publication  of  confusing  or  contradictory  communications  relating  to  the  de¬ 
composition  of  ethylene  chlorohydrin  to  give  ethylene  oxide.  For  example,  it  is  known  that  when  caustic  soda 
is  used  the  alkali  solution  must  be  added  to  the  chlorohydrin  solution,  and  not  the  other  way  about.  If  calcium 

*A.V.  Kaliadova  took  part  in  the  experimental  work. 
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Fig.  1.  Effect  of  the  initial  content  of 
ethylene  chlorohydrin  in  solution  on  the 
yield  of  ethylene  oxide  in  the  decom¬ 
position  of  ethylene  chlorohydrin  by 
caustic  soda:  A)  yield  {^o)\  B)  ethylene 
chlorohydrin  content  of  original  solution 
(wt.  f%).  Batch  process;  concentration 
of  the  NaOH  solution  was  increased  from 
5  to  407o  with  increase  of  the  ethylene 
chlorohydrin  concentration. 


A 


Fig.  2.  Effect  of  temperature  in  the  de¬ 
composition  of  ethylene  chlorohydrin  by 
caustic  soda  on  the  yields  of  ethylene 
oxide  (1)  and  ethylene  glycol  (2):  A) 
yield  {’^y,  B)  temperature  (*C).  Batch 
process;  amount  of  undecomposed 
ethylene  chlorohydrin  did  not  exceed 
l<7o  in  any  of  the  experiments. 


hydroxide  is  used,  the  sequence  of  addition  is  immaterial.  For 
higher  yields  of  ethylene  oxide  it  is  recommended  to  use  con¬ 
centrated  solutions  of  ethylene  chlorohydrin  for  the  reaction  witii 
metal  hydroxides.  Therefore,  it  has  been  proposed  to  use  a 
packed  tower  as  the  reactor,  in  which  rectification  of  the  origi¬ 
nal  dilute  chlorohydrin  solution  was  to  be  performed  in  conjunc¬ 
tion  with  the  reaction  between  the  concentrated  chlorohydrin  and 
the  base.  This  is  in  contradiction  to  the  designs  which  have 
been  described  for  modern  reactors,  which  consist  of  simple  hol¬ 
low  reaction  vessels. 

The  present  paper  contains  results  obtained  several  years 
ago  [19]  in  a  study  of  the  chemistry  of  the  reaction  between 
ethylene  chlorohydrin  and  bases. 

EXPERIMENTAL 

Ethylene  chlorohydrin  was  prepared  from  ethylene  oxide 
and  hydrogen  chloride;  after  purification  it  contained  99.0-99.5^ 
of  the  substance.  Its  constants  were;  b.p.  127-128*,  d*®^  1.915; 

1.4390.  The  reaction  was  performed  batchwise  in  a  three - 
necked  flask  3  liters  in  capacity.  The  duration  of  each  experi¬ 
ment  was  1.5  hours.  Subsequent  experiments  were  performed  by 
a  continuous  process,  which  will  be  described  later.  The  ethyl¬ 
ene  oxide  passed  through  a  water-cooled  reflux  condenser,  and 
then  condensed  at  -5*.  The  condensate  was  collected  in  a  re¬ 
ceiver,  and  the  residual  gas  was  bubbled  through  a  definite  vol¬ 
ume  of  common  salt  solution  in  hydrochloric  acid  to  absorb  un¬ 
condensed  ethylene  oxide.  Ethylene  oxide  was  determined  by 
absorption  in  a  standard  solution  of  common  salt  in  hydrochloric 
acid  [1].  Acetaldehyde  was  determined  in  the  same  sample  by 
means  of  hydroxylamine  hydrochloride  [20].  Ethylene  chlorohy¬ 
drin  was  determined  by  saponification  with  standard  caustic  pot¬ 
ash  solution.  The  amount  of  glycols  formed  was  found  by  neu¬ 
tralization  of  the  reaction  liquid  with  hydrochloric  acid  with 
phenolphthalein  indicator,  distillation  of  the  liquid  until  a  dry 
residue  was  obtained,  treatment  of  the  residue  with  alcohol,  fil¬ 
tration  of  the  residue,  and  fractionation  of  the  alcoholic  solution, 
first  under  atmospheric  pressure  to  remove  alcohol,  and  then 
under  vacuum,  with  collection  of  the  glycol  fractions.  The 
mono-  and  diethylene  glycol  contents  of  the  fractions  were  de¬ 
termined  from  the  boiling  points  and  refractive  indices  [21]. 

The  aqueous  distillate  was  analyzed  for  ethylene  chlorohydrin 
as  described  above,  and  for  ethylene  glycol  by  dichromate  oxi¬ 
dation.  In  experiments  in  which  little  ethylene  glycol  was 
formed  and  the  reaction  liquid  had  a  very  low  content  of  diethyl¬ 
ene  glycol,  dichromate  oxidation  was  used  for  the  determination 
of  ethylene  glycol. 


DISCUSSION  OF  RESULTS 

In  experiments  on  the  decomposition  of  ethylene  chlorohydrin  by  caustic  soda,  by  the  addition  of  10 -29’^ 
alkali  solution  to  a  boiling  10-207o  solution  of  ethylene  chlorohydrin,  the  yield  of  ethylene  oxide  did  not  ex¬ 
ceed  65-697o,  and  the  principal  by-product  was  ethylene  glycol,  obtained  in  26-307o  yield.  Small  amounts  of 
acetaldehyde  (yield  about  V^)  and  of  diethylene  glycol  (yield  0.9-1.37o)  were  obtained.  In  experiments  per¬ 
formed  under  the  same  conditions,  but  with  the  addition  procedure  reversed,  the  yield  of  ethylene  oxide  was 
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only  21-21%  while  the  yield  of  ethylene  glycol  rose  sharply  to  over  50<yo.  The  yield  of  diethylene  glycol  reached 
15-30%,  and  triethylene  glycol  was  also  formed.  For  a  more  detailed  study  of  the  alkaline  decomposition  of 
ethylene  chlorohydrin,  experiments  were  performed  in  which  the  concentrations  of  the  starting  substances  were 
varied,  and  also  at  low  temperatures.  In  these  and  all  subsequent  experiments  the  alkali  solution  was  added  to 
the  ethylene  chlorohydrin  solution.  The  results  of  experiments  on  the  decomposition  of  ethylene  chlorohydrin 
with  different  concentrations  of  the  reactants  are  given  in  Fig.  1. 

It  follows  from  these  results  that  the  yield  of  ethylene  oxide  increases  continuously  with  increasing  concen¬ 
trations  of  the  reactants,  but  when  the  water  content  of  the  solutions  becomes  low  the  yield  falls  somewhat. 

The  effect  of  reaction  temperature  on  the  yields  of  ethylene  oxide  and  ethylene  glycol  is  shown  in  Fig.  2. 

It  is  seen  that  the  decrease  of  the  yield  of  ethylene  oxide  at  lower  reaction  temperatures  does  not  lead  to 
a  decrease  in  the  conversion  of  ethylene  chlorohydrin,  and  that  the  alkaline  decomposition  of  ethylene  chloro¬ 
hydrin  is  of  the  same  character  at  low  temperatures  as  at  the  boil. 

In  the  next  series  of  experiments  ethylene  chlorohydrin  was  decomposed  by  calcium  hydroxide.  In  these 
experiments  the  ethylene  chlorohydrin  solution  was  added  to  the  hydroxide  suspension  in  some  cases,  and  the 
suspension  was  added  to  the  ethylene  chlorohydrin  solution  in  others. 

It  was  found  that  the  yield  of  ethylene  oxide  in  the  decomposition  of  ethylene  chlorohydrin  by  calcium 
hydroxide  was  73-76%,  or  about  7-8%  higher  than  in  the  decomposition  by  caustic  soda  under  the  same  condi¬ 
tions,  and  that  the  addition  sequence  does  not  influence  the  yield  of  ethylene  oxide,  in  contrast  to  the  decom¬ 
position  of  ethylene  chlorohydrin  by  caustic  soda.  The  acetaldehyde  yield  in  the  decomposition  of  ethylene 
chlorohydrin  by  calcium  hydroxide  was  1.5%,  i.e.,  somewhat  higher  than  with  the  use  of  caustic  soda.  These 
experiments  on  the  decomposition  of  ethylene  chlorohydrin  show  that  ethylene  oxide  is  always  formed,  despite 
the  differences  in  the  experimental  conditions.  The  only  difference  lies  in  the  amount  of  oxide  formed. 

It  follows  from  the  experimental  data  that  the  main  substance  competing  with  ethylene  oxide  is  ethylene 
glycol;  this  may  be  formed  either  by  direct  saponification  of  ethylene  chlorohydrin 

HO-CHj  HO-CHo 

I  +NaOH-+  I  -l-NaCl, 

CI-CHj  HO— CHj 


or  by  hydration  of  ethylene  oxide 


HjC— CHj  HO— CHo 

-|-H,0-*-  I 
0  HO— CHj. 


For  clarification  of  this  question,  experiments  were  performed  on  the  alkaline  decomposition  of  ethylene 
chlorohydrin  in  presence  of  ethylene  glycol,  under  the  same  conditions  as  before.  From  180  to  215%  of  ethylene 
glycol  was  added  to  the  ethylene  chlorohydrin  solution.  The  ethylene  glycol  had  the  following  constants:  b.p. 
98*  at  15  mm  Hg,  d*®^  1.0854,  n“*®£)  1.4330.  It  was  found  that  addition  of  ethylene  glycol  results  in  an  appreci¬ 
able  decrease  of  the  ethylene  oxide  yield,  down  to  50-55%,  and  a  proportionate  increase  of  the  dlethylene  gly¬ 
col  yield,  to  10-12%,  with  small  amounts  of  triethylene  glycol. 

In  our  opinion,  diethylene  glycol  is  formed  by  the  reaction  of  ethylene  oxide  with  ethylene  glycol,  as 
follows 


HgC— CH, 

y  + 


H0-GH2 

HO-CHj  IllCs 

I  ‘  >0. 

HO-CHg  HaC^ 

HO-GII, 


Special  experiments  showed  that  diethylene  glycol  is  not  formed  to  any  appreciable  extent  directly  from 
ethylene  chlorohydrin  and  ethylene  glycol. 


The  fact  that  appreciable  amounts  of  diethylene  glycol  are  formed  with  a  decrease  of  the  ethylene  oxide 
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yield  indicates  that  the  reactivity  of  ethylene  oxide  at  the  instant  of  its  formation  is  high.  This  justifies  the 
view  that  even  witliout  addition  of  ethylene  glycol  the  ethylene  oxide  is  highly  reactive,  and  this  reactivity 
then  results  in  hydration  with  formation  of  ethylene  glycol. 

However,  this  does  not  exclude  the  possibility  that  direct  saponification  of  ethylene  chlorohydrin  may  oc¬ 
cur,  without  intermediate  formation  of  ethylene  oxide.  In  such  a  reaction  water  would  not  be  consumed,  and 
the  reaction  could  be  effected,  for  example,  in  alcohol.  It  is  known  that  the  chemical  conversion  of  ethylene 
chlorohydrin  in  alcohol  proceeds  at  an  appreciable  rate,  as  indicated  by  kinetic  data  and  our  preliminary  exper¬ 
iments.  To  test  this  hypothesis,  we  carried  out  a  series  of  experiments  on  the  reaction  of  ethylene  chlorohydrin 
with  caustic  potash  in  ethyl,  n-propyl,  and  butyl  alcohol  solutions.  The  alcohols  contained  5-107o  water.  The 
experimental  conditions  were  as  before.  It  was  found  that  in  the  alkaline  decomposition  of  ethylene  chlorohy¬ 
drin  in  alcohol  the  yield  of  ethylene  oxide  was  65-70^,  i.e.,  roughly  the  same  as  in  an  aqueous  medium,  and 
that  ethylene  glycol  is  not  formed  under  these  conditions.  The  corresponding  alkyl  ethers  of  ethylene  glycol 
were  formed  in  these  experiments;  the  yield  of  these  ethers,  about  25^,  corresponds  to  the  yield  of  ethylene 
glycol  in  the  alkaline  decomposition  of  ethylene  chlorohydrin  in  an  aqueous  medium;  small  amounts  of  ethers 
of  diethylene  glycol  were  also  formed. 

As  in  the  experiments  discussed  earlier,  the  formation  of  alkyl  glycols  from  ethylene  chlorohydrin  and  the 
corresponding  alcohols,  without  the  participation  of  ethylene  oxide,  does  not  take  place  here. 

The  formation  of  alkyl  glycols  should  occur  as  follows; 

H2C-CH2  HO— CH, 

\/  -f-  ROH  I 

O  nO-CHj 

The  diethylene  glycol  ethers  are  formed  by  the  reaction 

HO-CH2 

H2C— CH2  HO-CH2  iua 

\/  +  I  —  >0. 

o  R0-CH2  H^cy 

R0-CH2 

These  experiments  suggest  that  the  formation  of  ethylene  glycol  in  the  decomposition  of  ethylene  chloro¬ 
hydrin  occurs  as  the  result  of  hydration  of  ethylene  oxide;  direct  conversion  of  ethylene  chlorohydrin  into  ethyl¬ 
ene  glycol  does  not  occur  under  the  experimental  conditions  used.  These  conclusions  were  confirmed  by  means 
of  special  experiments  in  which  the  ethylene  oxide  was  removed  from  the  reaction  zone  as  soon  as  it  formed.  The 
apparatus  had  a  relatively  small  reaction  volume  and  a  considerably  larger  evaporation  section.  The  original 
liquids  were  fed  continuously  from  header  vessels  into  the  reactor  section,  into  which  large  amounts  of  steam 
were  blown.  The  ethylene  oxide  formed  was  thus  blown  out  and  then  condensed  as  described  above.  The  re¬ 
maining  liquid  passed  through  an  overflow  tube  into  the  lower  part  of  the  apparatus,  where  it  was  boiled  vigor¬ 
ously  and  then  transferred  into  a  receiver  through  a  siphon  tube.  The  vapors  of  ethylene  chlorohydrin  and  ethyl¬ 
ene  oxide  from  the  lower  part  of  the  apparatus  avoided  the  reaction  zone  and  were  added  to  the  main  mass  of 
ethylene  oxide  vapor.  The  experiments  were  performed  at  the  boil,  with  ©Vo  ethylene  chlorohydrin  solution  and 
10^0  suspension  of  the  hydroxide. 

The  yield  of  ethylene  oxide  was  96-98<yo,  and  there  was  virtually  no  formation  of  ethylene  glycol. 

The  subsequent  experiments  were  performed  in  order  to  investigate  the  conditions  and  characteristic  fea¬ 
tures  of  the  hydration  of  ethylene  oxide  at  the  instant  of  its  formation.  In  these  experiments  ethylene  chlorohy¬ 
drin  was  decomposed  by  caustic  soda  and  calcium  hydroxide  under  the  conditions  described  above  (in  a  continu¬ 
ous  process),  with  different  amounts  of  the  bases.  The  starting  substances  were  cooled  to  0*,  mixed  at  that  tem¬ 
perature  and  then  fed  into  the  reactor.  Reaction  of  the  substances  on  mixing  was  avoided  by  the  use  of  the  low 
temperature.  This  ensured  that  the  reactants  were  present  in  exact  and  predetermined  proportions.  The  degree 
of  hydration  of  ethylene  oxide  was  estimated  from  changes  in  its  yield. 

A  6%  solution  of  ethylene  chlorohydrin  and  loyo  solution  or  suspension  of  the  base  was  used.  The  reaction 
was  performed  at  the  boil.  The  results  of  the  experiments  are  given  in  Fig.  3.  The  graphs  show  that  the  yield  of 
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ethylene  oxide  depends  on  the  amount  of  caustic  soda  ta¬ 
ken;  the  yield  decreases  with  increasing  excess  of  caustic 
soda,  while  if  less  than  the  stoichiometric  amount  of  caus¬ 
tic  soda  is  used  the  yield  of  ethylene  oxide,  calculated  on 
the  amount  of  ethylene  chlorohydrin  decomposed,  decreases 
very  little.  The  maximum  yield  of  ethylene  oxide  calcu¬ 
lated  on  the  ethylene  chlorohydrin  decomposed,  is  obtained 
when  the  relative  content  of  caustic  soda  does  not  exceed 
104£^  of  the  stoichiometric  amount. 

The  yield  of  ethylene  oxide,  calculated  on  the  ethyl¬ 
ene  chlorohydrin  decomposed,  remains  almost  constant 
over  a  wide  range  of  relative  contents  of  calcium  hydroxide. 
With  a  small  excess  of  the  base,  up  to  S'^o  over  the  stoichio¬ 
metric  amount,  there  is  some  decrease  of  the  ethylene  ox¬ 
ide  yield.  This  decrease  is  fortuitous,  and  the  probable 
explanation  is  that  it  is  impossible  to  obtain  an  absolutely 
homogeneous  suspension  of  the  hydroxide,  so  that  when  the 
excess  is  small  local  zones  are  formed  with  a  deficiency 
of  the  base. 

The  decomposition  of  ethylene  chlorohydrin  by  cal¬ 
cium  hydroxide  differs  in  principle  from  the  analogous  re¬ 
action  with  the  use  of  caustic  alkalies,  in  that  the  reaction 
system  is  heterogeneous  because  of  the  low  solubility  of  the  hydroxide.  Without  considering  the  processes  asso¬ 
ciated  with  the  presence  of  a  solid  phase  in  the  reaction  zone  (adsorption,  surface  reactions,  etc.),  we  may  note 
that  the  system  is  maintained  at  a  definite  and  very  low  level  of  alkalinity,  irrespective  of  the  amount  of  hy¬ 
droxide  taken  for  the  reaction. 

It  follows  from  the  results  of  these  experiments  that  the  base  used  for  decomposition  of  ethylene  chlorohy¬ 
drin  is  Involved  in  a  side  reaction  -  hydration  of  ethylene  oxide  at  the  Instant  of  its  formation.  The  concentra¬ 
tion  of  the  base  has  a  direct  influence  on  the  amount  of  ethylene  glycol  formed.  The  results  of  our  experiments 
provide  a  satisfactory  explanation  for  the  definite  addition  procedure  required  in  the  decomposition  of  ethylene 
chlorohydrin  by  caustic  alkalies.  If  ethylene  chlorohydrin  solution  is  added  to  the  alkali  solution,  the  reaction 
medium  has  a  higher  concentration  of  the  base,  and  this  leads  to  intensified  hydration  of  the  oxide  and  decrease 
of  its  yield.  When  calcium  hydroxide  suspension  is  used,  the  content  of  the  base  in  solution  always  corresponds 
to  the  saturation  concentration,  and  therefore  the  sequence  in  which  the  starting  substances  are  added  is  imma¬ 
terial. 
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Fig.  3.  Effect  of  the  relative  content  of  metal 
hydroxide  on  the  yield  of  ethylene  oxide  (1 
and  2)  and  on  the  amount  of  unreacted  ethylene 
chlorohydrin  (3)  in  the  decomposition  of  ethyl¬ 
ene  chlorohydrin  by  caustic  alkali  (1  and  3) 
and  by  calcium  hydroxide  (2):  A)  yield  cal¬ 
culated  on  the  ethylene  chlorohydrin  decom¬ 
posed  B)  amount  of  unreacted  ethylene 
chlorohydrin  (%  of  original);  C)  relative  con¬ 
tent  of  metal  hydroxide  (%. 


We  found  that  the  hydration  rate  of  ethylene  oxide  at  the  instant  of  its  formation  is  higher  than  the  hy¬ 
dration  rate  of  ethylene  oxide  prepared  previously  and  studied  separately,  as  reported  by  Lichtenstein  and  Twigg 
[22]. 

The  above  results  explain  why  packed -tower  reactors  have  recently  been  replaced  in  industry  by  ordinary 
empty  reactors.  In  a  tower  there  is  good  contact  between  the  rising  vapor  of  the  ethylene  oxide  formed  and  the 
sprayed  alkaline  liquid.  It  is  clear  that  the  conditions  are  favorable  for  hydration  of  ethylene  oxide,  leading  to 
its  loss  in  the  form  of  ethylene  glycol.  In  volume  reactors  of  considerable  diameter  and  small  height  the  evap¬ 
oration  surface  is  large.  This  leads  to  rapid  evacuation  of  the  ethylene  oxide  from  the  reaction  zone  and,  which 
is  most  important,  prevents  its  contact  with  the  alkaline  liquid  added  for  the  decomposition  of  the  ethylene 
chlorohydrin. 


SUMMARY 

1.  In  the  production  of  ethylene  oxide  by  decomposition  of  ethylene  chlorohydrin  by  means  of  caustic 
soda  or  calcium  hydroxide  in  an  aqueous  medium  at  90-100*  the  yield  of  by-product  ethylene  glycol  varies  from 
a  few  percent  to  50<7o,  according  to  the  process  conditions.  Small  amounts  of  diethylene  glycol  and  acetaldehyde 
(0.9 -1.5'^  of  each)  are  formed  in  the  reaction. 
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2.  The  formation  of  ethylene  glycol  in  the  production  of  ethylene  oxide  from  ethylene  chlorohydrin  is 
the  consequence  of  a  further  reaction,  the  hydration  of  ethylene  oxide,  and  not  of  the  direct  saponification  of 
the  original  ethylene  chlorohydrin. 

3.  In  the  production  of  ethylene  oxide  from  ethylene  chlorohydrin  with  the  use  of  caustic  alkalies,  the 
relative  amount  of  the  alkali  taken  for  the  reaction  has  a  significant  effect  on  the  yield.  The  maximum  yield 
of  ethylene  oxide.  93*^  on  the  ethylene  chlorohydrin  taken  for  the  reaction,  was  obtained  when  the  amount  of 
caustic  soda  did  not  exceed  104^  of  the  stoichiometric  quantity.  This  corresponds  to  a  yield  of  95<^  on  the 
amount  of  ethylene  chlorohydrin  decomposed. 

If  calcium  hydroxide  is  used  in  the  production  of  ethylene  oxide,  the  excess  of  the  base  does  not  influence 
the  yield.  The  use  of  a  suspension  of  calcium  hydroxide,  which  is  sparingly  soluble  in  water,  ensures  that  a  con¬ 
stant  and  low  concentration  of  the  base  is  present  in  the  reaction  solution.  A  yield  of  over  90^i)  of  ethylene  ox¬ 
ide.  calculated  on  the  ethylene  chlorohydrin  taken,  was  obtained  under  these  conditions.  This  corresponds  to  a 
yield  of  96^  on  the  amount  of  ethylene  chlorohydrin  decomposed. 

4.  The  hydration  of  ethylene  oxide  at  the  instant  of  its  formation  from  ethylene  chlorohydrin  is  much 
more  rapid  than  the  hydration  of  previously  prepared  ethylene  oxide. 

Hi^  yields  of  ethylene  oxide  are  obtained  if  its  vapor  is  immediately  removed  from  the  reaction  zone, 
witli  the  least  possible  contact  witii  the  base  used  for  decomposition  of  the  ethylene  chlorohydrin.  Therefore, 
packed  towers  are  unsuitable  as  industrial  reactors  for  the  production  of  ethylene  oxide;  ordinary  hollow  reactors 
with  small  reaction  layers  and  large  evaporation  surfaces,  are  more  suitable  for  the  process. 
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PRODUCTION  OF  6  -  C  H  LOR  OE  T  H  Y  L  ISOPROPYL,  6 -CHLOROET  H  Y  L  ISOAMYL, 
6 -CHLOROETH  YL  HEXYL,  AND  6  -  CH  L  ORO I  SOPROP  Y  L  ISOBUTYL  ETHERS 
FROM  UNSATURATED  HYDROCARBONS 

A. K.  Sele  zne v 

Organic  Chemistry  Laboratory,  the  Grozny!  Petroleum  Institute 


Several  methods  for  the  preparation  of  B-chloro  ethers  directly  from  olefins  are  described  in  the  literature: 
by  the  action  of  chlorine  on  olefins  in  presence  of  alcoholic  alkali  [1],  the  ammonia  method  for  chloroalkoxyla- 
tion  of  olefins  [2],  the  vapor-phase  method  for  chloroalkoxylation  of  olefins  [3],  and  the  chloroamide  method  for 
the  synthesis  of  B-chloro  ethers.  Benzenesulfodichloramide (dlchlorobenzenesulfonamlde)hasbeen  used  with  suc¬ 
cess  as  the  chloroalkoxylation  agent  [4, 5].  Skliarov  used  this  agent  for  the  synthesis  of  a  series  of  B-chloro  ethers 
from  ethylene  and  propylene.  The  experiments  were  performed  in  a  rotary  autoclave  with  the  use  of  liquefied 
olefins,  alcohols,  and  the  chloroamide.  The  synthesis  of  B -chloroethyl  isopropyl  ether  with  the  use  of  isopropyl 
alcohol  was  unsuccessful  owing  to  the  very  violent  reaction  between  isopropyl  alcohol  and  benzenesulfodichloro- 
amide. 

The  aim  in  the  present  investigation  was  to  prepare  certain  B-chloro  ethers  by  the  liquid-phase  mediod, 
without  cooling,  from  synthetic  ethylene  and  propane -propylene  cracking  fraction.  In  one  experiment  on  the 
synthesis  of  B -chloroethyl  isopropyl  ether,  water  was  used  as  a  cooling  agent. 

EXPERIMENTAL 

A  glass  tube  3.5  cm  in  diameter  and  120  cm  long  was  used  for  the  reactions.  The  tube  was  half  filled  with 
marble  and  the  alcohol  was  introduced.  Two  narrow  glass  tubes,  reaching  almost  to  the  bottom,  were  inserted 
into  the  reaction  tube  from  above  for  the  chlorine  and  olefin  feeds.  A  thermometer  was  inserted  in  the  lower  end 
of  the  reaction  tube,  for  measurement  of  the  reaction  temperature. 

B -Chloroethyl  isopropyl  ether.  46.3  liters  of  ethylene  and  300  ml  of  isopropyl  alcohol  (b.p.  81-82*,  n*®D 
1.3773)  was  used  in  the  experiment.  69  liters  of  chlorine  was  passed.  The  experiments  were  continued  for  7 
hours  40  minutes.  The  average  rate  of  ethylene  absorption  was  6  liters  per  hour.  The  reaction  tube  was  cooled 
by  means  of  running  water  during  the  experiment.  The  thermometer  reading  in  the  lower  part  of  the  reaction 
tube  was  15-16*.  At  the  end  of  the  experiment  the  reaction  product  was  treated  with  water  to  wash  out  the  alco¬ 
hol,  dried  over  calcium  chloride,  and  the  product  (198.4  g)  was  fractionated. 

The  following  fractions  were  obtained:  1)  up  to  84*,  19  g,  2)  84-120*,  143.4  g,  and  3)  residue  34  g.  The 
84-120*  fraction  (d*®4  1.178,  n*®D  1.4342)  was  analyzed  for  chlorine  by  the  Carius  method: 

0.1234  g  substance:  0.305  g  AgCl;  0.0304  g  (24.63^)  chloro  ether. 

0.1112  g  substance:  0.274  g  AgCl;  0.0278  g  (25^o)  chloro  ether. 

The  contents  of  chloro  ether  and  dichloride  in  the  84-120*  fraction  were  calculated  from  the  weight  of 
silver  chloride  formed  in  the  Carius  determination 
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Cl-  CHij-GHj— ()— C3H7— AgCl 
(0.1234—  1/)  -X 


C.,H4Cl2— 2AgCl 
y  —  (0.30.')  —  x) 


These  analytical  data  show  that  the  84-120'’  fraction  consists  of  25%  chloro  ether  and  75%  dichloride.  The 
yield  of  chloro  ether  was  35.8  g,  14%  of  the  theoretical  calculated  on  the  ethylene  used. 

The  pure  ether  was  Isolated  from  the  84-120*  fraction,  consisting  of  25%  chloro  ether  and  75%  dichloride. 
Sulfuric  acid  was  used  to  separate  the  dichloride  from  the  chloro  ether  [7]. 

40  ml  of  87%  sulfuric  acid  was  added  to  90  ml  of  the  84-120*  fraction,  cooled  in  ice.  The  dichloride 
which  separated  out  in  the  top  layer  was  removed.  The  dichloride  was  removed  more  completely  from  the  sul¬ 
furic  acid  containing  the  chloro  ether,  by  means  of  ligroine.  The  sulfuric  acid  was  diluted  with  water  and  cooled, 
the  chloro  ether  was  extracted  in  ligroine,  the  extract  was  washed  and  dried  over  calcium  chloride.  The  ligroine 
was  distilled  off  and  the  residue  was  treated  with  caustic  soda  to  remove  the  dichloride.  After  the  alkali  treat¬ 
ment  the  ether  was  washed,  dried  over  calcium  chloride,  and  distilled  through  a  laboratory  rectification  column. 

A  120-120.3*  fraction  (11.5  g)  was  obtained,  with  the  following  constants:  d^®4  0.955,  n*®D  1.4117,  MRd  31.90. 
C5H11OCI.  Calculated  31.80. 

Analysis  of  120-120.3*  fraction  (Carius) 

0.1212  g  substance:  0.1422  g  AgCl.  0.1148  g  substance:  0.1348  g  AgCl 

Found  %:  Cl  29.0,  29.05.  CjHuCX:!.  Calculated  %:  Cl  28.92. 

Elementary  analysis 

5.232  mg  substance:  9.412  mg  COj;  4.232  mg  H2O.  8.346  mg  substance:  14.992  mg  CO2;  6.758 
mg  H2O. 

Found  %:  C  49.08,  49.02;  H  9.05,  9.06.  C5H11OCI.  Calculated  %:  C  48.98;  H  9.04. 

The  120-120.3*  fraction  was  pure  6 -chloroethyl  isopropyl  ether.  It  is  a  colorless  liquid  with  a  pleasant 
odor;  it  is  not  described  in  the  literature. 

This  13 -chloro  ether  mixed  with  the  dichloride  is  being  tested  as  a  solvent  for  the  deparaffinization  of  avi¬ 
ation  oil. 

6 -Chloroethyl  isoamyl  ether.*  60  liters  of  ethylene  and  300  ml  of  isoamyl  alcohol  (b.p.  128-131*)  was 
used  in  the  experiment.  85  liters  of  chlorine  was  passed.  The  experiment  was  continued  for  10  hours.  The 
average  rate  of  ethylene  absorption  was  6  liters  per  hour.  The  reaction  tube  was  not  cooled.  Heat  was  evolved 
in  the  reaction.  The  thermometer  reading  in  the  lower  part  of  the  reaction  tube  was  48-52*.  At  the  end  of  the 
experiment  the  reaction  product  was  diluted  with  water,  the  upper  layer  was  washed,  dried  over  K2CO8,  and  dis¬ 
tilled.  The  fraction  up  to  136’  was  distilled  off.  The  residue  (127  g)  was  used  for  isolation  of  the  chloro  ether. 
Isoamyl  alcohol  was  not  driven  off  completely  in  the  distillation;  part  remained  mixed  with  the  6  -chloro  ether. 

Likhosherstov  [8]  removed  residual  higher  alcohols  either  by  large  amounts  of  water,  or  by  separation  from 
the  distilled  6 -chloro  ethers  by  prolonged  shaking  with  concentrated  calcium  chloride  solution.  We  used  sulfuric 
acid  to  remove  residual  isoamyl  alcohol  from  the  fl -chloro  ether.  Sulfuric  acid  forms  compounds  of  the  oxonium 
type  with  6 -chloro  ethers.  It  is  known  that  sulfuric  acid  reacts  with  alcohols  to  form  acid  esters,  which  separate 
out  as  salts  after  neutralization.  Aschan  [9]  converted  alcohols  (menthol,  borneol  and  others)  into  sulfates  by 
means  of  diethyloxonium  sulfate.  The  sulfate  esters  of  all  these  alcohols  are  formed  much  more  readily  from 
the  oxonium  sulfates  than  by  the  direct  action  of  sulfuric  acid. 

The  residual  product  (127  g)  was  cooled  in  ice,  and  45  ml  of  chemically  pure  sulfuric  acid  (sp.  gr.  1.84) 
was  added  in  small  portions.  After  24  hours  the  acid  ester  and  excess  sulfuric  acid  were  neutralized,  on  cooling, 
with  concentrated  caustic  soda  solution,  and  water  was  then  added  to  dissolve  the  salt  formed.  The  chloro  ether 
which  separated  out  was  extracted  in  ligroine  (boiling  up  to  52*).  The  ligroine  was  distilled  off,  and  the  residue 
(81.2  g)  was  treated  with  caustic  soda  and  warmed  gently  to  remove  the  dichloride  mixed  with  the  chloro  ether. 
After  the  alkali  treatment  the  product  was  diluted  with  water  to  dissolve  the  precipitate,  and  the  chloro  ether 
was  extracted  in  ligroine.  The  58.5  g  of  residue  after  removal  of  ligroine  was  distilled  under  vacuum  through  a 
laboratory  rectification  column. 


•V.V.  Balashova  took  part  in  the  experimental  work. 
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TABLE  1 


Fractionation  Data  and  Constants  of  the  Fractions  Obtained 


Boiling  range  (*C) 

Weight  of 
fraction 

(8) 

n*®D 

d  4 

1  MRd 

found 

calculated 

59-79.5  (35  mm) 

1.76 

1.4215 

- 

- 

- 

79.5  -80  (35  mm) 

29.28 

1.4250 

0.9370 

41.11 

41.04 

80-81  (35  mm) 

20.80 

1.4250 

0.9386 

41.04 

41.04 

Residue 

5.60 

- 

- 

- 

- 

TABLE  2 

Fractionation  Data  and  Constants  of  the  Fractions  Obtained 


Boiling  range  (*C) 

Weight  of 
fraction 

(8) 

n*«D 

d  A 

1  MRn 

found 

calculated 

57-79  (10  mm) 

4.0 

1.4320 

- 

- 

- 

79-79.5  (10  mm) 

8.9 

1.4310 

0.932 

45.74 

45.65 

79.5-80  (10  mm) 

10.1 

1.4310 

0.934 

45.64 

45.65 

Residue 

3.8 

- 

- 

- 

- 

The  fractionation  data  are  given  in  Table  1. 

The  yield  of  6-chloro  ether  was  50  g,  12.4^o  of  the  theoretical  calculated  on  the  ethylene  used. 

80-81*  fraction  (35  mm).  Chlorine  content  (Carius) 

0.1876  g  substance:  0.179  g  AgCl.  0.1782  g  substance:  0.1702  g  AgCl. 

Found  7o:  Cl  23.60;  23.62.  CtH^OCI.  Calculated  %  Cl  23.53. 

Elementary  analysis 

7.888  mg  substance:  16.170  mg  COj;  7.094  mg  HjO.  4.778  mg  substance:  9.798  mg  CO2:  4.308  mg  HjO. 

Found  <7o:  C  55.94,  55.96;  H  10.06,  10.08.  C7H15OCI.  Calculated  %  C  55.81;  H  10.04. 

The  80-81*  fraction  (35  mm)  was  pure  0 -chloroethyl  isoamyl  ether.  It  is  a  colorless  liquid  with  a  pleasant 
odor;  it  is  not  described  in  the  literature. 

0 -Chloroethyl  hexyl  ether.  58  liters  of  ethylene  and  300  ml  of  n-hexyl  alcohol  (b.p.  154-156*)  was  used 
in  the  experiment.  82  liters  of  chlorine  was  passed.  The  experiment  was  continued  for  10  hours.  The  average 
rate  of  ethylene  absorption  was  5.8  liters  per  hour.  The  thermometer  reading  in  the  lower  part  of  the  reaction 
tube  was  47-55*.  At  the  end  of  the  experiment  the  reaction  product  was  diluted  with  water,  the  upper  layer  was 
washed,  dried  over  Na2S04,  and  distilled.  The  fraction  up  to  160*  was  driven  off,  and  the  0-chloro  ether  was 
obtained  from  the  residue  (113.2  g)  by  the  method  described  for  0 -chloroethyl  isoamyl  ether.  After  the  treat¬ 
ment  27.6  g  of  the  product  was  distilled  under  vacuum  through  a  laboratory  rectification  column. 

The  fractionation  data  are  given  in  Table  2. 

79.5-80*  fraction  (10  mm).  Chlorine  content  (Carius) 

0.1308  g  substance:  0.1146  g  AgCl.  0.1512  g  substance:  0.1322  g  AgCl. 

Found  <7o:  Cl  21.68,  21.63.  CjH^OCl.  Calculated  ‘Vo:  Cl  21.53. 

Elementary  analysis 

3.820  mg  substance:  8.182  mg  CO2:  3.593  mg  H2O.  7.830  mg  substance:  16.760  mg  CO2;  7.340  mg  H2O. 
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Found  <7o:  C  58.45,  58.43;  H  10.52,  10.49.  CgHiTOCl.  Calculated  7o:  C  58.35;  H  10.40. 

The  79.5-80*  (10  mm)  fraction  was  pure  6 -chloroethyl  hexyl  ether.  It  is  a  colorless  liquid  with  a  pleasant 
odor;  it  is  not  described  in  the  literature. 

8 -Chloroiso propyl  isobutyl  ether  CHJ-CH-CH2CI.  128  liters  of  a  propane -propylene  cracking  fraction, 

O-CH2-CH-CH3 

I 

CHj 

containing  38  liters  (29.8%)  of  propylene,  300  ml  of  Isobutyl  alcohol  (b.p.  106-108*),  and  43  liters  of  chlorine 
was  used  in  the  experiment.  The  experiment  was  continued  for  6  hours  20  minutes.  31  liters  (24.3%)  of  propyl¬ 
ene  was  absorbed.  The  thermometer  reading  in  the  lower  part  of  the  reaction  tube  was  39-51*.  At  the  end  of 
the  experiment  the  reaction  product  was  diluted  with  water,  the  upper  layer  was  washed,  dried  over  Na2S04,  and 
fractionated. 

The  following  fractions  were  obtained:  1)  up  to  148*,  0;  2)  from  148-151*,  16.8  g;  3)  from  151-155*, 

29.9  g;  4)  residue  37.8  g. 

The  8-chloro  ether  was  isolated  from  the  148-151*  and  151-155*  fractions  (46.7  g)  by  the  method  described 
for  8 -chloroethyl  isoamyl  ether.  After  the  treatment  the  product  was  distilled  under  vacuum  through  a  labora¬ 
tory  rectification  column.  The  151.6-152.2*  fraction  (19  g)  was  isolated;  it  had  the  following  constants:  n*®D 
1.4165,  d“4  0.9233,  MRp  40.99.  C7H15OCI.  Calculated  41.04. 

Chlorine  content  (Carius) 

0.1194  g  substance:  0.1132  g  AgCl.  0.1544  g  substance:  0.1462  g  AgCl. 

Found  %:  Cl  23.45  ,  23.42.  C7H15OCI.  Calculated  %:  Cl  23.53. 

0.1984  g  substance:  13.561  g  benzene;  At  0.50.  0.2362  g  substance:  14.503  g  benzene:  At  0.56. 

Found:  M  149.81,  148.90.  CtHijOCI.  Calculated:  M  150.65. 

Elementary  analysis 

4.899  mg  substance:  10.037  mg  CO2,  4.372  mg  H2O.  8.657  mg  substance:  17.740  mg  CO2,  7.752  mg  H2O. 

Found  %:  C  55.91,  55.92;  H  9.986,  10.02.  C7H15OCI.  Calculated  %:  C  55.81;  H  10.04. 

The  151.6-152.2*  fraction  was  pure  8 -chloroisopropyl  isobutyl  ether.  It  is  a  colorless  liquid  with  a  pleasant 
odor;  it  is  not  described  in  the  literature. 
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INFLUENCE  OF  IRON  SALTS  ON  THE  KINETICS  OF  THE  REACTION 


BETWEEN  POLYETHYLENE  POLYAMINES  AND  HYDROPEROXIDES, 

AND  THE  USE  OF  THIS  REACTION  FOR  INITIATION  OF  POLYMERIZATION* 

B.A.  Dolgoplosk  and  D.Sh.  Korotkina 


In  a  number  of  recent  investigations  the  reaction  between  polyamines  and  hydroperoxides  has  been  used 
for  initiation  of  polymerization  in  emulsion  [1-3]. 

In  1950  Whitby  [1]  made  a  detailed  study  of  the  influence  of  polyamine  structure  on  the  activity  of  the 
initiation  system.  He  noted  that  diethylenetriamine,  triethylenetetramine,  and  tetiaethylenepentamine  are 
most  effective.  In  the  same  paper  it  is  reported  that  the  activity  of  the  system  may  be  increased  on  replace¬ 
ment  of  cumene  hydroperoxide  by  diisopropylbenzene  hydroperoxide. 

Spolsky  and  Williams  [2]  and  Neclutin  and  Westerhoff  [3]  reported  that  iron  salts  have  a  strong  influence 
on  polymerization  kinetics  in  polyamine  systems.  According  to  their  data,  the  reaction  proceeds  at  a  high  rate 
in  presence  of  traces  of  iron.  Increase  of  the  iron  concentration  in  die  system  retards  the  process;  in  the  authors' 
view,  this  is  the  consequence  of  rapid  consumption  of  the  components  of  the  system  (hydroperoxide  and  poly¬ 
amine).  To  weaken  the  action  of  iron  salts,  they  recommend  the  addition  of  complex -forming  agents  such  as 
potassium  or  sodium  ethylenedinitriletetraacetates.  Other  authors  [4]  drew  similar  conclusions  concerning  the 
influence  of  iron  salts. 

In  our  investigations  in  the  All-Union  Scientific  Research  Institute  of  Synthetic  Rubber  in  1951-1952  it  was 
shown  that  small  amounts  of  iron  salts  accelerate  the  emulsion  polymerization  of  divinyl -styrene  mixtures  when 
the  process  is  initiated  by  an  oxidation -reduction  lystem  consisting  of  di(tert-butyl)isopropylbenzene  hydroperox¬ 
ide  and  tetiaethylenepentamine.  The  yield  of  polymer  reached  6(Xyo  in  two  hours  with  the  use  of  this  system. 

In  1953  Howland  and  Neclutin  [5]  published  a  paper  in  which  they  recommended  the  use  of  a  polyamine 
system  containing  small  amounts  of  iron  salts  for  the  emulsion  polymerization  of  divinyl -styrene  mixtures  at 
temperatures  below  0*. 

The  present  paper  reports  a  study  of  the  influence  of  iron  salts  on  the  rate  of  reaction  between  hydroperox¬ 
ides  and  polyamines,  in  connection  with  the  possible  use  of  this  reaction  for  the  initiation  of  polymerization  at 
low  temperatures. 


EXPERIMENTAL  AND  DISCUSSION  OF  RESULTS 

We  studied  the  kinetics  of  the  interaction  of  polyamines  with  cumene  hydroperoxide  (CHP)  in  hydrocarbon 
and  aqueous  media  in  conditions  simulating  emulsion  polymerization.  The  reaction  with  tert-butylisopropylben- 
zene  hydroperoxide  (alkyl  hydroperoxide)  was  studied  under  model  conditions  only,  because  of  the  low  solubility 
of  this  hydroperoxide  in  water. 

The  course  of  the  reaction  was  followed  by  the  consumption  of  hydroperoxide,  which  was  determined  iodo- 
metrically.  The  polyamines  were  synthesized  by  the  method  of  Alphen  and  Hofmann  [6]. 

Interaction  of  hydroperoxides  with  polyamines  in  a  hydrocarbon  medium.  The  reaction  between  triethylene 
•Communication  VII  in  the  series  on  oxidation -reduction  systems  for  initiation  of  radical  processes. 
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Fig.  1.  Reaction  of  CHP  with  trlethyl- 
enetetramine  in  ethylbenzene.  Iron 
naphthenate  content,  0.005  wt.  A) 
amount  of  hydroperoxide  (%);  B)  time 
(hours).  Temperature  (*C):  1)  50;  2) 
0;  3)  -15;  4)  -30. 

A 


Fig.  2.  Reaction  of  alkyl  hydroperoxide 
with  trie thylenetetra mine  in  ethylben¬ 
zene.  Iron  naphthenate  content,  0.005 
wt.  <70:  A)  amount  of  hydroperoxide  (‘7o); 
B)  time  (hours).  Temperature  ('C);  1) 
-15;  2)  -30. 


tetramine  and  hydroperoxides  was  performed  in  ethylbenzene 
and  styrene  at  various  temperatures.  The  solutions  contained 
0.5<7o  of  cumene  hydroperoxide  and  0.5^o  of  the  polyamine  by 
weight. 

In  the  experiments  with  teit-butylisopropylbenzene  hydro¬ 
peroxide,  the  solution  contained  0.62<7o  of  the  hydroperoxide  and 
0,57o  of  the  polyamine  by  weight.  The  experiments  were  per¬ 
formed  in  nitrogen  free  from  traces  of  oxygen  [7]. 

The  experimental  data  on  the  reaction  rate  of  CHP  with 
trlethylenetetramine  in  presence  of  iron  salts  at  various  tem¬ 
peratures  are  plotted  in  Fig.  1. 

It  is  seen  that  in  presence  of  0.005<7o  of  iron  naphthenate 
the  reaction  at  0  and  50*  is  extremely  rapid.  At  lower  temper¬ 
atures  the  reaction  rate  falls  appreciably,  although  it  is  still  very 
considerable  at  -15*.  The  reaction  is  somewhat  more  rapid  if 
tert-butylisopropylbenzene  hydroperoxide  is  used  instead  of 
CHP  (Fig.  2). 

The  amount  of  iron  naphthenate  present  has  a  significant 
influence  on  the  rate  of  reaction  between  polyamines  and  hydro¬ 
peroxides  (Figs.  3  and  4). 

It  follows  from  these  results  that  the  rate  of  the  reaction 
between  the  components  of  the  system  at  -30*  can  be  varied 
within  wide  limits  by  variation  of  the  iron  naphthenate  concen¬ 
tration. 

Reaction  of  hydroperoxides  with  polyamines  in  water, 
emulsifier  solutions,  and  under  conditions  simulating  emulsion 
polymerization.  In  absence  of  iron  salts  the  rate  of  reaction  be- 
tween  hydroperoxides  and  polyamines  In  water*  at  0*  is  not  high. 
The  rate  increases  with  increasing  molecular  weight  of  the 
amine;  this  is  probably  related  to  the  number  of  secondary  amino 
groups  in  the  chain  (Fig.  5). 

The  introduction  of  very  small  amounts  of  iron  salts,  such 
as  ammonium  ferric  alum,  results  in  a  sharp  acceleration  of  the 
reaction  between  the  hydroperoxide  and  the  polyamine;  as  in  the 
preceding  case,  the  rate  is  proportional  to  the  amount  of  iron  in¬ 
troduced  into  the  system,  and  can  be  varied  within  wide  limits 
(Fig.  6). 


It  is  interesting  to  note  that  the  amount  of  ammonium  ferric  alum  introduced  into  the  system  is  very  small, 
from  0.2  to  0.001  part  to  1  part  of  hydroperoxide. 


The  presence  of  emulsifier  in  the  aqueous  solution  has  a  significant  effect  on  the  rate  of  the  reaction  be¬ 
tween  hydroperoxides  and  polyamines. 

The  aqueous  phase  contained  2.9<7o  emulsifier,  0.05^o  caustic  soda,  O.bPjo  trlethylenetetramine,  0.15<7o  CHP, 
and  0.0002<7o  ammonium  ferric  alum. 


The  reactions  in  aqueous  solution  were  studied  at  0"  (Fig.  7). 

The  results  show  that  the  highest  reaction  rates  are  obtained  with  the  use  of  sodium  laurate  or  a  technical 
mixture  of  the  sodium  salts  of  other  paraffinic  acids  as  emulsifier. 


•In  an  aqueous  solution  containing  0.177o  CHP  and  polyamine  by  weight. 
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Fig.  3.  Reaction  of  alkyl  hydroperoxide 
with  triethylenetetramine  in  ethylbenzene 
in  presence  of  various  amounts  of  iron 
naphthenate  at  ~30*;  A)  amount  of  hydro¬ 
peroxide  B)  time  (hours).  Amount 

of  iron  naphthenate  (wt.  <^o):  1)  0.005;  2) 
0.01;  3)  0.025;  4)  0.05. 


The  reaction  between  triethylenetetramine  and  alkyl 
hydroperoxide  under  conditions  simulating  emulsion  polymer¬ 
ization  is  considerably  slower  than  the  same  reaction  in  water 
and  aqueous  solutions.  The  experiments  were  performed  at  0* 
with  an  emulsion  of  ethylbenzene  containing  0.3<^  hydroper¬ 
oxide  and  0.5<^  triethylenetetramine  in  5.8^  aqueous  Nekal 
solution,  consisting  mainly  of  sodium  di(sec-butyl)naphthalene 
sulfonate  (Fig.  8). 

Thus  studies  of  the  reaction  between  hydroperoxide  and 
polyamines  under  various  conditions  showed  that  the  rate  of 
the  reaction  can  be  greatly  increased  by  the  addition  of  very 
small  amounts  of  ferric  iron  salts  in  the  form  of  ammonium 
ferric  alum  or  ferric  naphthenate. 

The  role  of  iron  salts  in  reversible  oxidation -reduction 
systems  consists  of  alternate  transfer  of  electrons  between  the 
reducing  and  the  oxidizing  agent.  This  concept  is  hardly  ap¬ 
plicable  to  polyamine  systems,  as  in  the  conditions  used  the 
latter  do  not  reduce  ferric  iron  to  ferrous. 


A 


Fig.  4.  Reaction  of  alkyl  hydroperoxide 
with  tetraethylenepentamine  in  styrene  at 
+  5“:  A)  amount  of  hydroperoxide  (‘7o):  B) 
time  (hours).  Amount  of  iron  naphthenate 
(wt.  <7o):  1)  0;  2)  0.0002;  3)  0.001. 

A 


Fig.  5.  Reaction  of  CHP  with  polyamines 
in  water:  A)  amount  of  hydroperoxide  (%); 
B)  time  (hours).  Polyamines:  1)  diethyl - 
enetriamine;  2)  triethylenetetramine,  pH 
10.2;  3)  triethylenetetramine,  pH  11.9;  4) 
tetraethylenepentamine. 


Emulsion  polymerization  in  presence  of  hydroperoxides 
and  polyamines.  In  the  experiments  on  the  efficiency  of 
polyamine  systems  for  initiation  of  the  polymerization  of  di- 
vlnyl-styrene  mixtures  at  +2*,  the  following  hydroperoxides 
were  tested:  cumene  hydroperoxide,  diisopropylbenzene  mono¬ 
hydroperoxide,  and  tert-butylisopropylbenzene  hydroperoxide. 

The  most  suitable  emulsifier  for  this  system  proved  to 
be  potassium  paraffinate;  this  is  in  harmony  with  the  results 
obtained  on  the  influence  of  the  nature  of  the  emulsifier  on 
the  kinetics  of  the  hydroperoxide -polyamine  reactions  (Fig.  7). 
The  nature  of  the  hydroperoxide,  especially  in  presence  of 
iron  salts,  has  a  considerable  influence  on  the  polymerization 
rate  (Fig.  9).  The  most  effective  is  found  to  be  tert-butyliso- 
propylbenzene  hydroperoxide. 

The  chemical  nature  of  the  iron  compound  has  only  a 
slight  effect  on  the  polymerization  rate  (see  Table). 

Thus,  60<7o  yield  can  be  obtained  in  two  hours  at  2*  in 
polymerization  in  the  presence  of  a  system  consisting  of  poly- 
amines,  tert-butylisopropylbenzene  hydroperoxide,  and  iron 
salts. 


METHOD 

In  the  kinetic  studies  of  the  reaction  between  hydroper¬ 
oxides  and  polyamines,  the  reaction  was  performed  in  a  ves¬ 
sel  fitted  with  a  stirrer  and  two  burets  with  stopcocks  for  sup¬ 
ply  of  hydroperoxide  and  polyamines.  Before  each  experi¬ 
ment  the  reaction  vessel  was  blown  through  with  nitrogen 
freed  from  oxygen  by  passage  through  a  column  packed  with 
copper  turnings  and  ammoniacal  ammonium  chloride  solu¬ 
tion  [7].  The  weighed  quantities  of  hydroperoxide,  ferric 
naphthenate,  and  ethylbenzene  or  styrene  (freshly  distilled) 
were  introduced  in  a  current  of  nitrogen.  After  the  mixture 
had  reached  the  required  experimental  temperature,  nitrogen 
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Fig.  6.  Reaction  of  triethylenetetramine 
with  CHP  in  water  in  presence  of  Fe'*^'*"^: 
A)  amount  of  hydroperoxide  B)  time 
(hours).  Amount  of  ammonium  ferric 
alum  (wt.  7o):  1)  none;  2)  0.00017;  3) 
0.0017;  4)  0.0034. 

A 


Fig.  8.  Reaction  of  triethylenetetramine 
with  CHP  in  a  model  emulsion  in  presence 
of  Fe'*^^'*':  A)  amount  of  hydroperoxide  {%)\ 
B)  time  (hours).  Additions  to  hydrocarbon 
phase  (wt.  %):  1)  0.0026  ammonium  ferric 
alum;  2)  ditto  +  0.33  sodium  stearate;  3) 
0.0026  ferric  naphthenate;  4)  0.007  ferric 
naphthenate. 


A 


Fig.  7.  Reaction  of  triethylenetetramine 
with  CHP  in  aqueous  solutions  of  various 
emulsifiers:  A)  amount  of  hydroperoxide 
(‘^);  B)  time  (hours).  Emulsifiers:  1)  none; 
2)  Nekal;  3)  sodium  oleate;  4)  sodium 
laurate;  5)  sodium  salts  of  paraffinic  acids. 


Fig.  9.  Effect  of  the  nature  of  the  hydro¬ 
peroxide  on  the  polymerization  rate  in  pre 
sence  of  O.OOS^o  of  ferric  naphthenate;  A) 
yield  of  polymer  (<^0);  B)  time  (hours);  1) 
isopropylbenzene  (cumene)  hydroperoxide; 

2)  diisopropylbenzene  monohydroperoxide; 

3)  tert-butylisopropylbenzene  hydroperox¬ 
ide. 


Effect  of  Different  Iron  Compounds  on  the  Polymerization  Rate  at  +2* 


Activator 

Activator 

Polymer  yield  (<^0)  in  time  (hours) 

concentra¬ 
tion  (wt.  «7o) 

1 

2 

3 

4 

Ammonium  ferric  alum 

0.002 

- 

62.5 

61.4 

62.5 

Ferrous  sulfate 

0.002 

44.6 

56.6 

62.0 

61.7 

Iron -pyrophosphate  complex 
(1 : 1.2  ratio) 

0.002 

47.6 

50.0 

55.8 
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was  blown  through  again  for  15  minutes,  and  the  polyamine  was  introduced  into  the  system.  Samples  were  taken 
for  analysis,  in  a  current  of  nitrogen,  at  definite  intervals. 

The  amount  of  unreacted  hydroperoxide  was  determined  iodometrically  in  presence  of  glacial  acetic  acid. 

Emulsion  polymerization  was  performed  in  a  somewhat-modified  hydrogenation  apparatus  [8].  The  emul¬ 
sifier  solution  and  polyamine  were  put  into  the  reactor,  followed  by  the  necessary  amount  of  styrene  with  ferric 
naphthenate  dissolved  in  it.  The  polymerization  mixture  was  cooled  to  0*  and  the  apparatus  was  filled  with  puri¬ 
fied  nitrogen.  The  system  was  blown  through  with  nitrogen,  and  di vinyl  was  then  added  to  the  mixture.  The  re¬ 
actor  was  placed  in  a  thermostat.  The  apparatus  was  shaken  vigorously  by  mechanical  means,  for  agitation  of 
the  reaction  mixture.  After  half  an  hour  a  solution  of  the  hydroperoxide  in  5  ml  of  styrene  was  introduced  into 
the  reactor.  Samples  were  taken  during  the  process  through  a  special  side  tube  with  a  stopcock. 

SUMMARY 

1.  The  reactions  of  triethylenetetramine  and  tetraethylenepentamlne  with  hydroperoxides  in  various  media 
at  0*  proceed  at  a  low  rate. 

2.  These  reactions  can  be  effected  at  any  desired  rate  at  low  temperatures  (down  to  -35*)  by  the  addition 
of  very  small  amounts  of  iron  salts. 

3.  The  oxidation -reduction  system  consisting  of  polyethylene  polyamines,  hydroperoxides,  and  iron  salts  is 
very  effective  for  initiation  of  emulsion  polymerization  at  temperatures  of  about  0*. 
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BRIEF  COMMUNICATIONS 


MINIMUM  EQUIVALENT  PACKING  HEIGHT  (HTU)  IN  PACKED  ABSORPTION. 
RECTIFICATION  AND  EXTRACTION  COLUMNS 

V.V.  Kafaiov  and  lu.I.  Dytnerskii 


It  has  been  shown  [1]  that  various  operating  regimes  may  exist  in  packed  columns;  these  may  be  repre¬ 
sented  as  relationships  between  the  Nusselt  number  Nu  and  the  Reynolds  number  Re,  Illustrated  in  Fig.  1;  here 
the  Nusselt  number  is 


Nu 


D  4 
D 


and  the  Reynolds  number  is 


where  D  and  are  the  coefficients  of  molecular  and  turbulent  diffusion  (in  mVsecond),  a  is  the  specific  surface 
of  the  packing  (in  mVm*),  is  the  density  of  the  vapor  (in  kg/m*),  Wq  is  the  linear  velocity  of  the  vapor  (in 
m/second),  /iy  is  the  viscosity  of  the  vapor  (in  kg*  sec/m*),  and  gis  the  acceleration  due  to  gravity  (in  m/sec*). 

The  different  sections  of  the  broken  line  in  Fig.  1  represent 
the  following  regimes:  ^is  the  laminary  regime  (molecular  trans¬ 
fer),  ^Is  the  intermediate  regime,  cd  is  the  turbulent  regime,  and 
df  is  the  free -turbulence  or  emulsification  regime.  The  point  d 
represents  the  point  of  phase  inversion  (formerly  this  was  defined  as 
the  flooding  point),  above  which  the  liquid  fills  the  whole  free  space 
of  the  packing  which  is  not  occupied  by  gas  or  vapor,  and  becomes 
a  continuous  phase.  The  Uquid  becomes  permeated  with  gas  or  va¬ 
por  vortices.  Above  the  point  d  (section  ^  the  whole  layer  of  pack¬ 
ing  becomes  filled  with  gas-liquid  or  vapor-liquid  emulsion,  and 
the  phase  contact  area  reaches  its  maximum  while  its  renewal  time 
is  at  a  minimum.  It  is  clear  (Fig.  1)  that  at  this  stage  the  maximum 
separating  power  of  the  column  is  reached,  with  a  corresponding 
minimum  equivalent  packing  height  (HTU). 

Earlier  [2]  we  derived  an  equation  for  the  calculation  of  flow  rates  under  free  turbulence  conditions  in 
packed  absorption,  rectification,  and  extraction  columns. 

(1) 

where 


Fig.  1.  Variations  of  transfer  regime 
in  a  packed  tower. 


!/  = 


li 


‘cd 


ca" 


(2) 
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(3) 


e  Is  the  base  on  natural  logarithms;  is  the  velocity  of  the  light  phase  (m/sec);  fi  is  the  viscosity  of  the  li¬ 
quid  in  gas-liquid  and  vapor-liquid  systems  (kg*  sec/m*)  or  the  viscosity  of  the  continuous  phase  for  liquid-liquid 
systems  (kg*  sec/m*);  Hyi  Is  the  viscosity  of  water  at  20*;  and  are  the  densities  of  the  light  and  heavy 
phase  respectively  (kg/m*);  Ay  =  (yjj  “  y/)  is  the  density  difference  between  die  heavy  and  the  light  phases 
(kg/m*);  and  are  the  surface  tensions  at  die  boundaries  between  the  continuous  and  disperse  phase, 

continuous  phase  and  air,  and  disperse  phase  and  air  respectively  (dynes/cm);  L  and  G  are  the  gravimetric  liquid 
and  gas  (vapor)  rates  (in  kg/m** hour)  for  gas-liquid  and  vapor-liquid  systems,  and  the  volume  rates  of  the  heavy 
and  light  phases  (in  m*/m**  hour)  for  liquid -liquid  systems;  Fj  is  the  open  section  of  the  packing  (in  m*/m*). 


he/de 


Fig.  2.  Variation  of  packing  efficiency  in  the  emulsification  regime  with  the  light- 
phase  velocity  w^  and  the  geometrical  dimensions  of  the  packing,  in  absorption,  recti¬ 
fication,  and  extraction  processes.  Gas -liquid  system:  1)  porcelain  rings  8x8x2 
mm;  2)  ditto,  12  x  12  x  2  mm;  3)  ditto,  16  x  16  x  3  mm;  4)  ditto,  20  x  20  x  3 
mm;  5)  metal  shavings  8  x  8  x  0.2  mm  (our  data).  Vapor-liquid  system:  6)  porce¬ 
lain  rings  8x8x2  mm,  ceramic  rings  10.9  x  11.5  x  2  mm,  glass  rings  5.7  x  5.9  x 
X  0.6  mm  (data  of  Kafarov  and  Bliakhman  [8]);  7)  porcelain  rings  8x8x2  mm 
(Luk'ianov's  data[4];  8)dltto(Kirschbaum'sdata[5]).  Liquid-liquid  system:  9)  glass 
rings  6.62  x  6.7  x  0.6  mm  (data  of  Kafarov  and  Planovskaia  [9]);  10)  porcelain  rings 
25  X  25  X  3,  16  X  16  X  3,  12  X  12  X  2,  8  X  8  X  2  mm  (Ellis'  data  [6]);  11)  porcelain 
rings  12  X  12  X  2  mm  (data  of  Sherwood,  Evans  and  Longcor  [7]). 

Above  the  point  ^liquid  begins  to  accumulate  above  the  packing  [3],  the  efficiency  of  the  packing  de¬ 
creases  as  the  result  of  bubbling  and  mixing,  and  "flooding"  occurs.  The  point  £  can  therefore  be  defined  as  the 
flooding  point. 

Special  experiments  were  performed  to  determine  the  separating  efficiency  of  the  packing  in  the  emulsi¬ 
fication  regime,  for  gas-liquid  systems  (absorption),  vapor-liquid  systems  (rectification),  and  liquid-liquid  sys¬ 
tems  (extraction):  analysis  of  the  results  yielded  an  equation  for  determination  of  the  minimum  HTU.  The  ex¬ 
perimental  results  of  a  number  of  workers  [4-7],  obtained  for  regimes  with  minimum  HTU  at  velocities  corres¬ 
ponding  to,  or  close  to  the  inversion  point,  were  also  analyzed.  The  experimental  data  were  plotted  (Fig.  2)  as 
the  following  relationship: 

hg/de  against  w*/gde.  (4) 

where  hg  is  the  minimum  HTU  (m),  and  dg  =  4Fs/o  is  the  equivalent  packing  diameter  (m). 

It  is  clear  from  the  graph  that  the  experimental  data  for  different  systems  and  packings  fit  satisfactorily 
around  a  straight  line  represented  by  the  equation: 
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hg/de  =  24(w5/gde)-®-' 


(5) 


It  follows  from  Equation  (5)  that  HTU  depends  only  on  the  velocity  of  the  light  phase  and  the  dimensions 
of  the  packing.  It  must  be  remembered,  however,  that,  in  accordance  with  Equation  (1),  the  velocity  of  the 
light  phase  depends  on  the  value  of  (L/G),  the  densities  of  the  liquid  and  gas  phases,  and  to  a  small  extent  on 
their  viscosities  and  surface  tensions. 

Thus,  the  physical  properties  of  the  system  are  indirectly  taken  into  account  in  calculations  of  the  mini¬ 
mum  HTU.  Numerous  experimental  results  obtained  by  different  workers  for  packed  columns  with  different  sys¬ 
tems  and  different  packings,  at  flow  rates  corresponding  to  or  close  to  the  inversion  point  were  used  in  the  anal¬ 
ysis;  hence  the  generalized  result  may  be  regarded  as  fairly  reliable,  so  that  Equation  (5)  can  be  recommended 
for  calculations  of  equivalent  packing  heights  under  the  conditions  of  the  greatest  free  turbulence  -  the  emulsi¬ 
fication  regime.  Under  odier  operating  conditions  in  the  packed  columns,  at  and  below  the  inversion  point,  the 
efficiency  of  the  packing  should  be  lower  and  the  HTU  greater  than  that  given  by  Equation  (5).  An  equation  for 
calculation  of  the  equivalent  packing  height  at  the  inversion  point  was  derived  earlier  [10].  It  must  also  be 
noted  that  these  results  are  in  full  agreement  with  earlier  data  on  absorption  under  the  free -turbulence  regime 
[11],  whereby  it  was  shown  that  the  absorption  coefficients  for  different  systems  conform  to  the  same  law,  if  dif¬ 
ferences  in  the  gas  solubilities  (Henry  coefficients)  are  taken  into  account,  and  they  are  not  determined  by  the 
characteristics  of  molecular  transfer  (molecular  viscosity  and  molecular  diffusion  coefficients). 

SUMMARY 

1.  An  equation  has  been  derived  for  calculation  of  HTU  for  absorption,  rectification  and  extraction  pro¬ 
cesses  in  packed  columns  under  emulsification  conditions. 

2.  The  HTU's  obtained  under  emulsification  conditions  are  the  lowest  possible. 
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REGULATION  OF  THE  FLOW  OF  GRANULAR  MATERIALS 
BY  THE  INJECTING  ACTION  OF  A  GAS  STREAM 

A.R.  Brun -Tsekhovoi 


The  action  of  devices  for  regulation  of  the  flow  of  granular  materials  In  chemical  processes  Involving  their 
continuous  circulation  depends  on  variations  of  the  cross  section  of  the  pipe  along  which  the  solid  is  conveyed. 
Among  such  devices  are  gate  valves  and  other  types  of  valve.  Their  common  defect  is  the  rapid  erosion  of  the 
parts  which  come  in  contact  with  the  solid  particles.  It  is  therefore  desirable  to  develop  a  regulating  device 

without  throttling  parts,  which  are  subject  to  the  most  rapid  wear. 

Such  a  device  may  be  based  on  the  principle  of  injection  of  a  stream 
of  gas  into  the  granular  material.  The  experiments  described  below  were 
performed  to  test  this  idea.  The  apparatus  is  shown  schematically  in  Fig.  1. 
The  principal  parts  of  the  device  are  the  hopper  1  and  the  stand  pipe  2,  fitted 
with  a  gas-injection  inlet  3  and  terminating  in  a  conical  nozzle  4.  The  ap¬ 
paratus  also  included  a  cylinder  with  compressed  air,  fitted  with  a  reducing 
valve  for  regulation  of  the  air  rate,  which  was  measured  by  means  of  a  rheo¬ 
meter  (not  shown  in  the  diagram). 

The  main  object  of  these  experiments  was  to  determine  the  relationship 
between  the  flow  rates  of  the  solid  material  and  of  the  injected  air.  The  ex¬ 
periments  were  performed  by  the  following  method.  The  hopper  1  and  the 
stand  pipe  2  were  filled  with  the  granular  material.  The  lower  end  of  the 
stand  pipe  was  closed  by  a  fine  gauze  before  the  start  of  the  determination. 
After  the  hopper  and  stand  pipe  had  been  filled,  air  was  admitted  through  the 
inlet  3;  after  the  air  rate  had  reached  the  required  value  the  gauze  was  re¬ 
moved  and  the  solid  material  began  to  emerge  from  the  nozzle.  The  results 
were  used  to  plot  the  flow  rate  of  the  solid  Qs  against  the  air  rate  Q^. 

A  glass  stand  pipe  2  m  high  and  14  mm  in  internal  diameter  was  used 
in  these  experiments.  The  solid  consisted  of  silica  gel  particles  of  average 
diameter  0.53  mm  and  bulk  density  0.45  g/cm*. 

The  relationship  was  determined  for  four  different  diameters  of  the 
exit  nozzle  (di  =  2,  3.7,  8  and  9.5  mm). 

The  experimental  results  are  plotted  in  Fig.  2.  These  curves  confirm 
that  there  is  a  relationship  between  the  flow  rate  of  the  solid  material  and  the  flow  rate  of  the  injected  air.  The 
nature  of  this  relationship  is  influenced  by  the  ratio  of  the  diameters  of  the  stand  pipe  and  exit  nozzle.  As  this 
ratio  decreases,  the  Qj  =  f(Qa)  curves  become  increasingly  steep,  and  the  relationship  becomes  more  nearly 
linear.  The  smooth  nature  of  the  curves  shows  that  a  regulator  designed  on  this  principle  may  have  high  sensi¬ 
tivity. 

The  maximum  flow  rate  of  the  solid  material  is  determined  by  the  cross  section  of  the  exit  nozzle.  This 
maximum  rate  corresponds  to  a  certain  limiting  value  of  the  air  rate.  Above  this  rate  the  continuous  column  of 
the  granular  material  in  the  stand  pipe  is  disrupted,  because  the  rate  of  flow  from  the  pipe  exceeds  the  rate  of 
supply  of  the  solid  from  the  hopper  into  the  pipe.  After  the  column  has  been  disrupted,  the  level  of  solid  in  the 


Fig.  1.  Diagram  of  labora¬ 
tory  device,  and  design  of 
the  lower  end  of  the  stand 
pipe. 
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pipe  falls  continuously,  the  dense  layer  of  solid  particles  disap¬ 
pears,  and  the  solid  particles  begin  to  fall  freely  from  the  hopper 
into  the  pipe.  The  maximum  flow  rate  probably  depends  to  a 
considerable  extent  on  the  design  of  the  inlet  from  the  hopper 
into  the  stand  pipe. 

The  regulation  range,  expressed  as  the  ratio  of  the  maxi¬ 
mum  to  the  minimum  flow  rate  of  the  solid,  decreases  with  in¬ 
crease  of  the  diameter  of  the  nozzle  exit.  When  dj  2  mm, 
the  regulation  range  is  8.45,  and  when  d^  =  9.5  mm  it  falls  to 
2.22.  The  maximum  linear  air  velocity  in  the  nozzle  exit  varies 
from  11.1  to  0.16  m/sec  over  this  range  of  nozzle  diameters. 


Fig.  2.  Variation  of  the  flow  rate  of  the 
solid  material  with  the  flow  rate  of  in¬ 
jected  air:  A)  flow  rate  of  solid  materi¬ 
al  (kg/lir);  B)  flow  rate  of  injected  air 
(liters/min).  Diameter  of  exit  nozzle 
di  (mm):  1)  2;  2)  3.7;  3)  8;  4)  9.5. 


These  results  show  that  it  is  possible  to  design  a  device  for 
the  regulation  of  the  flow  rate  of  solid  materials,  based  on  the 
principle  of  an  injected  gas  stream. 


It  is  seen  that  the  experiments  were  performed  with  the 
solid  material  moving  along  the  pipe  in  a  continuous  (and  not  a 
"fluidized*0  layer.  The  solid  left  the  stand  pipe  to  enter  tlie  at¬ 
mosphere  and  not  a  "fluidized”  layer.  It  seems  likely  that  the 
action  of  the  regulator  should  not  change  qualitatively  if  the  material  moves  along  the  pipe  in  a  fluidized  state 
and  then  enters  a  fluidized  layer.  However,  the  quantitative  results  would  be  different  as  the  density  of  the  layer 
in  the  pipe  would  change,  and  the  resistance  at  the  exit  nozzle  would  increase. 
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DETERMINATION  OF  THE  SOFTENING  TEMPERATURE  OF  GLASS 
BY  THE  METHOD  OF  DRAWING  A  HORIZONTAL  THREAD 

V.L.  Indenbom  and  V.I.  Sheliubskii 


All  the  diverse  methods  for  the  shaping  of  glass,  which  give  rise  to  a  variety  of  applications  of  glass  in 
modern  technology,  are  based  on  the  use  of  the  specific  characteristics  of  the  hardening  of  glass.  The  transition 
from  the  liquid  to  the  solid  state  in  glass  is  gradual,  and  may  be  characterized  by  the  so-called  softening  range, 
which  corresponds  to  variations  of  the  glass  viscosity  between  10*  and  10**  poises  [1].  At  the  top  limit  of  this 
range  glass  is  very  plastic  and  is  easily  drawn  into  threads,  whereas  at  the  lower  limit  it  becomes  brittle. 

In  any  actual  method  used  for  glass  shaping,  the  behavior 
of  the  glass  over  a  relatively  narrow  viscosity  range  is  usually  of 
determining  significance,  and  therefore  we  may  use  the  concept 
of  "softening  temperature."  For  example,  in  the  production  of 
optical  and  coated  glasses  the  softening  temperature  is  taken  to 
be  the  temperature  at  which  the  glass  articles  stick  together  [2,3]. 
In  glass-blowing  operations,  which  are  of  great  industrial  import¬ 
ance,  such  as  in  the  production  of  laboratory  glass  ware  and  of 
electrical  vacuum  apparatus,  the  softening  point  is  characterized 
by  the  ability  of  the  glass  to  change  its  shape  under  external 
load  [4-6]  or  under  its  own  weight  [7-9]. 

A  method  recommended  by  some  authors  is  the  estimation 
of  the  local  plastic  deformation,  produced  in  a  specimen  in  a 
state  of  heterogeneous  stress,  by  the  indentation  of  a  metal  rod 
into  the  specimen  [4],  by  the  bending  of  a  glass  rod  [5,6],  etc. 

The  results  so  obtained  are  difficult  to  correlate  directly  with  the 
viscosity  of  the  glass. 

Another  difficulty  arises  with  the  use  of  the  method  adop¬ 
ted  in  the  U.S.A.,  based  on  the  elongation  of  a  vertical  glass 
thread  under  its  own  weight  [7-9].  This  method  is  designed  to  de¬ 
termine  the  temperature  corresponding  to  a  viscosity  of  10^'* 
poises,  but  at  such  low  viscosities  the  surface  tension  begins  to 
have  a  significant  effect  on  the  elongation  of  the  thread  [10]. 

The  surface  tension  is  the  main  source  of  error  in  this  method; 
according  to  Littleton  [7]  and  Falter  [9],  the  error  is  4-6*. 

The  softening  temperature  is  sometimes  determined  from 
the  maximum  of  the  dilatometric  curve,  reached  at  the  point  where  the  rate  of  plastic  deformation  of  the  glass 
by  the  measuring  device  balances  the  rate  of  thermal  expansion  of  the  glass.  If  an  interference  dilatometer  is 
used,  the  temperature  corresponding  to  a  viscosity  of  10**'*  poises  can  be  determined  by  this  method  to  an  accu¬ 
racy  of  about  8*  [8]. 

The  method  described  below  for  determination  of  the  softening  point  of  glass  from  the  rate  of  elongation  of 
a  horizontal  glass  thread  stretched  by  a  constant  load  is  free  from  a  number  of  the  defects  named  above,  and  is 


To  potentiometer 


Fig.  1.  Diagram  of  apparatus. 
A 


Fig.  2.  Graphical  determination  of  the 
"softening  point":  A)  temperature  (*C); 
B)  time  (sec);  1)  angle  of  rotation  vs. 
time,  =  <^(r);  2)  tangent  d</>/dr  = 
=  0.1  */sec;  3)  glass  temperature  as  a 
function  of  time,  t  =  tfr). 
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also  very  simple.  It  is  based  on  the  method  used  by  the  Moscow  Electric  Lamp  Factory  [11].  The  improved  ver¬ 
sion  of  this  method,  as  described  in  this  paper,  was  adopted  at  our  suggestion  in  the  vacuum  tube  industry  in  1952 
(Specification  of  the  Ministry  of  the  Communications  Equipment  Industry  938-52),  and  has  fully  justified  itself 
in  practice. 

The  apparatus  (Fig.  1)  consists  of  a  horizontal  tubular  furnace  1,  with  the  glass  thread  2  under  test  stretched 
along  its  axis.  One  end  of  the  thread  is  fixed  in  the  holder  3,  and  the  other  terminates  in  a  hook,  attached  to  a 
cotton  thread  4  which  passes  over  a  balanced  pulley  5  carrying  a  pointer.  A  load  6  is  suspended  from  the  free 
end  of  the  thread.  The  rotation  of  the  pulley  is  read  off  along  the  scale  7  graduated  in  1”  divisions.  The  tem¬ 
perature  in  the  furnace  is  measured  by  means  of  a  thin  chromel-alumel  or  platinum  thermocouple  8  in  conjunc¬ 
tion  with  a  potentiometer  of  the  PP  or  EPV-01  type.  The  hot  junction  of  the  thermocouple  is  placed  in  the  mid¬ 
dle  of  the  furnace  at  a  distance  of  1-2  mm  from  the  glass  thread.  The  furnace  temperature  is  regulated  by  means 
of  a  LATR-1  autotransformer. 

Determination  of  the  softening  temperature  consists  essentially  of  consecutive  measurements  of  the  angle 
of  rotation  of  the  pulley  and  of  the  furnace  temperature  while  the  furnace  is  heated  at  a  strictly  constant  rate, 
about  6*  per  minute.  The  apparatus  parameters  are  so  chosen  that  the  "softening  point"  lies  just  in  the  middle 
of  the  softening  range,  and  corresponds  to  a  viscosity  of  10^^  poises.  The  following  parameters  may  be  recom¬ 
mended:  diameter  of  the  glass  thread  0. 6-0.7  mm,  load  20  g,  pulley  diameter  6  mm,  uniform  temperature  zone 
in  furnace  140-160  mm  long.  Under  these  conditions,  as  will  be  shown  below,  the  softening  temperature  corres¬ 
ponds  to  an  angular  rotation  rate  of  the  pulley  of  0.1  ’/see. 

To  find  the  'instant  of  softeningr  it  is  convenient  to  plot  the  pulley  rotation  angle  against  the  time  in  such 
a  way  that  the  scales  of  10  seconds  along  the  abscissa  axis  and  1*  along  the  ordinate  axis  are  numerically  equal. 
To  find  the  required  point,  a  tangent  with  a  slope  factor  of  unity  is  drawn  to  touch  the  curve.  The  softening  tem¬ 
perature  is  found  from  the  temperature -time  curve,  plotted  on  the  same  graph  (Fig.  2). 

From  the  formula  [12] 


(here  tj  is  the  viscosity  of  the  glass,  a  is  the  tensile  stress,  I  is  the  length  of  the  softened  portion  of  the  thread, 
and  dZ/dr  is  the  rate  of  elongation  of  the  thread)  and  the  above  parameters  of  the  apparatus,  the  nonequilibrium 
viscosity  of  the  glass  at  the  instant  of  softening  is  found  to  be  approximately  10^**'*  poises. 

The  table  shows,  for  a  number  of  commercial  glasses,  a  comparison  of  the  softening  temperature  with  the 
temperature  at  which  the  equilibrium  viscosity,  determined  by  Lillie's  method  [12],  is  10^^  poises.  It  is  seen 
that  the  method  described,  despite  its  simplicity,  can  be  used  to  find  the  temperature  corresponding  to  an  equi¬ 
librium  viscosity  of  10^^  poises,  to  within  2-3“.  Under  factory  conditions  the  error  does  not  exceed  5-6*. 


Experimental  Results 
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The  greatest  difficulty  in  this  method  is  the  construction  of  a  furnace  with  a  uniform  temperature  zone  of 
the  required  length,  and  a  fairly  rapid  temperature  drop  at  the  ends  of  this  zone.  It  was  found  that  good  results 
are  obtained  with  a  furnace  with  three -sectional  nichrome  winding  (160  mm  per  section),  shunted  with  specially 
adjusted  resistances,  and  with  an  internal  nickel  tube  150  mm  long  and  with  walls  3-5  mm  thick. 


Fig.  3.  Variation  of  softening  temperature  with  the 
heating  rate  (BD-1  glass):  A)  softening  temperature  (*C): 

B)  heating  rate  (Vmln). 

It  is  interesting  to  note  that  although  this  method  is  based  on  measurements  of  the  nonequilibrium  fluidity 
of  glass,  the  results  are  virtually  independent  of  the  heating  rate.  Fig.  3  shows  that  the  "softening  temperature" 
remains  constant  to  within  2-3*  with  variations  of  the  heating  rate  from  1  to  10*  per  minute.  It  does  not  follow, 
of  course,  that  the  furnace  may  be  heated  at  any  random  rate  -  the  results  may  be  completely  distorted  by  the 
influence  of  delayed  elastic  deformation. 

In  view  of  the  successful  use  of  this  method  in  the  vacuum  tube  Industry,  it  may  be  recommended  as  a 
standard  rapid  method,  not  only  for  laboratory  purposes,  but  in  production  control. 
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THE  SIMULTANEOUS  ELECTRODEPOSITION  OF  METALS 


B.I.  Skirsty monskaia 


The  electrodeposition  of  two  metals  which  form  solid  solutions  or  chemical  compounds  with  each  other  is 
usually  accompanied  by  changes  in  the  discharge  potentials  of  their  ions.  These  changes  are  due  to  liberation  of 
the  energy  of  interaction  between  the  alloy  components.  The  relationship  between  these  quantities  is  given  by 
the  well-known  thermodynamic  expression 


A<f.= 


nF 


where,  to  calculate  the  shift  of  the  deposition  potential  of  a  given  component  (A<^)  the  change  of  its  partial 
molar  free  energy  (A^)  must  be  known.  The  latter  depends  on  the  composition  of  the  alloy  in  the  following  way. 
The  partial  energy  of  solution  of  a  given  component  decreases  with  increase  of  its  content  in  the  alloy,  while 
the  partial  free  energy  of  the  other  component  increases,  reaching  its  maximum  value  when  atoms  of  the  one 

component  are  mixed  with  the  pure  second  component  [1]. 

A  Fig.  1  shows  a  plot,  based  on  various  literature  data,  of  the 

partial  free  energies  of  solution  of  solid  zinc  and  copper  in 
solid  alloys  [2]. 

It  follows  from  the  foregoing  that  in  the  simultaneous 
electrodeposition  of  two  metals  the  deposition  potential  of  each 
must  become  more  positive;  alternatively,  the  values  of  the 
partial  current  for  the  deposition  of  a  given  metal  should  in¬ 
crease  at  consunt  potential.  The  partial  polarization  curve  for 
each  component*  should  then  be  shifted  in  the  direction  of 
more  positive  potentials,  and  the  degree  of  this  displacement 
should  vary  with  the  composition  of  the  alloy. 


to 


Fig.  1.  Effect  of  alloy  composition  on 
the  partial  molar  free  energy:  A)  partial 


Some  results  obtained  in  a  study  of  the  simultaneous  de  - 
position  of  copper  and  zinc  are  presented  in  this  paper. 

The  electrolyte  was  an  oxalate  solution  [3]  in  which  the 
total  content  of  copper  and  zinc  salts  was  constant  (0.0256 
mole/liter),  while  the  contents  of  each  (in  moles/liter)  were 
varied  as  follows: 


free  energies  of  solution  (kcal);  B)  com¬ 

CUSO4 

ZnS04 

HsBOj 

K2C2O4- 

position  of  alloy.  Curves:  1)  Zn;  2)  Cu. 

0.020 

0.0056 

0.324 

0.187 

0.010 

0.0156 

0.324 

0.187 

0.0016 

0.024 

0.324 

0.187 

•The  partial  polarization  curves  characterize  the  rate  of  discharge  of  each  of  the  simultaneously  discharging  ions. 
••If  a  known  large  excess  of  KJC2O4  is  present,  variations  of  the  ratio  do  not  affect  the  positions  of 

the  polarization  curves. 
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In  parallel  experiments  each  of  the  metals  was  deposited  singly  from  solutions  containing  H3BO3,  K3C2O4 
and  a  salt  of  the  given  metal  at  a  concentration  corresponding  to  its  concentration  in  one  of  the  mixed  solutions. 
The  experimental  procedure  was  described  earlier  [4].  The  electrolysis  was  performed  at  predetermined  poten¬ 
tials,  while  the  ptartial  current  densities  were  calculated  from  the  results  of  chemical  analysis  of  the  alloys. 

The  partial  polarization  curves  so  obtained  are  shown  in  Fig.  2a  and  b. 

The  partial  curves  for  Zn  in  its  simultaneous  deposition  with  copper  are  shifted  by  0.25-0.5  v  in  the  posi¬ 
tive  direction  relative  to  the  partial  curves  for  zinc  deposited  singly. 

The  magnitude  of  the  displacement  of  potential  may  depend  on  a  number  of  factors,  but  it  is  seen  that  it 
primarily  depends  on  the  zinc  content  of  the  alloy.  Thus,  the  Zn  content  of  the  alloy  is  8-15%  for  Curve  1,  50- 
60%  for  Curve  2,  and  85-90%  for  Curve  3. 

Hence,  we  may  conclude  that  the  depolarization  of  zinc  diminishes  with  increasing  zinc  content  of  the 
alloy;  this  is  in  agreement  with  the  change  of  its  partial  free  energy.  The  deposition  of  the  second  component, 
copper,  together  with  the  zinc  is  more  difficult  than  its  separate  deposition;  the  partial  curves  for  copper  are 
shifted  in  the  negative  direction,  and  the  additional  polarization  (overpolarization)  increases  with  increasing 
copper  content  of  the  alloy. 


A 


Fig.  2.  Variation  of  the  displacement  of  the  partial  polarization  curves  for 
zinc  (a)  and  copper  (b)  with  the  alloy  composition:  A)  partial  current  density; 
B)  potential.  Electrolytes;  1)  1;  2)  2;  3)  3.  Separate  deposition  -  dashed 
lines;  simultaneous  deposition  -  continuous  lines. 


A  similar  effect  of  depolarization  of  one  component,  with  simultaneous  difficulty  in  the  deposition  of  the 
component  deposited  in  the  greater  quantity,  was  observed  in  the  simultaneous  deposition  of  Co  and  Ni  from  sul¬ 
fate  solutions  [5],  and  of  Sn  and  Pb  from  fluoborate  solutions  [6].  The  partial  curves  based  on  experimental  data 
for  the  deposition  of  brass  from  cyanide  solutions  [7]  also  indicate  depolarization  of  zinc  and  overpolarization  of 
copper. 

The  causes  of  the  overpolarization  of  one  of  the  components  are  at  present  difficult  to  determine,  be¬ 
cause  not  enough  information  is  available  about  the  processes  which  take  place  in  the  simultaneous  electrocrys¬ 
tallization  of  metals  or  about  the  thermodynamic  properties  of  the  components  in  the  alloy.  It  may  be  suggested 
that  this  effect  is  caused  by  the  expenditure  of  additional  energy  for  the  formation  of  the  crystal  lattice.  It  is 
also  possible  that,  because  of  the  different  extent  to  which  the  partial  curve  for  each  component  is  displaced,  a 
redistribution  of  current  takes  place  in  such  a  way  that  the  partial  current  for  the  predominant  metal  in  the  alloy 
may  become  less  than  its  value  in  individual  deposition,  and  thus  give  rise  to  the  idea  of  overpolarization  of 
one  of  the  components  in  the  simultaneous  deposition  of  the  metals.  Our  results,  in  conjunction  with  literature 
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data  on  the  displacement  of  the  partial  curves  in  the  simultaneous  deposition  of  metals,  show  that  this  effect  is 
independent  of  the  nature  of  the  discharging  ions  (simple  or  complex  ions)  and  of  the  phase  diagram  of  the  alloy. 


SUMMARY 

1.  The  relationship  between  the  changes  of  partial  free  energy  and  the  displacement  of  potentials  in  the 
simultaneous  deposition  of  two  metals  with  formation  of  solid  solutions  or  chemical  compounds  has  been  con¬ 
sidered. 

2.  When  copper  and  zinc  are  deposited  simultaneously,  zinc  is  depolarized,  and  the  polarization  of  copper 
is  increased,  relative  to  the  polarizations  of  these  metals  when  deposited  individually.  The  relationship  between 
the  shift  of  potential  and  the  content  of  a  given  component  in  the  alloy  has  been  demonstrated. 
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KINETICS  OF  THE  LIBERATION  OF  COPPER  BY  THE  DIAPHRAGM  METHOD 

OF  INTERNAL  ELECTROLYSIS 

A.K.  Zhdanov,  V.A.  Khadeev  and  F.  Mlrzabekov 
The  V.I.  Lenin  State  University  of  Central  Asia 

In  the  liberation  of  metals  by  internal  electrolysis  from  solutions  of  fairly  high  concentrations,  various 
semipermeable  diaphragms  must  be  placed  between  the  anode  and  cathode  spaces  to  prevent  contact  deposition 
on  the  anode.  However,  if  such  diaphragms  are  used  the  ohmic  resistance  of  the  cell  is  considerably  increased, 
and  the  rate  of  metal  deposition  falls  sharply.  For  this  reason  diaphragm  methods  have  not  been  widely  adopted 
as  control  methods  in  industrial  practice. 

We  found  that  if  a  sintered  glass,  porosity  l,is  used  as  a  diaphragm  to  separate  the  anode  and  cathode 
spaces,  the  cell  resistance  is  not  excessive,  while  in  presence  of  a  slight  excess  of  hydrostatic  pressure  in  the  anode 
compartment  contact  deposition  on  the  anode  is  prevented. 

It  was  of  interest  to  study  the  kinetics  of  the  liberation  of  copper  by  internal  electrolysis  with  the  use  of  a 
diaphragm  made  from  sintered  glass,  porosity  1.  The  polarographic  method  was  used,  whereby  the  copper  con¬ 
centration  of  the  solution  could  be  determined  fairly  rapidly,  ac¬ 
curately,  and  simply  at  any  instant  during  the  course  of  electro¬ 
lysis. 

The  electrolytic  cell  was  an  ordinary  chemical  beaker, 

300  ml  in  capacity;  the  cathode  was  made  from  platinum  gauze. 
The  anode,  made  from  chemically  pure  zinc  or  aluminum,  was 
placed  inside  a  small  beaker  the  bottom  of  which  consisted  of 
sintered  glass,  porosity  1  and  served  as  the  diaphragm.  This  bea¬ 
ker  was  made  from  a  sintered  glass  filter,  porosity  1,  from  which 
the  lower  part  had  been  cut  off.  It  was  firmly  closed  at  the  top 
by  a  cork  with  two  holes;  a  tube  leading  to  a  header  vessel  con¬ 
taining  the  anolyte  passed  through  one,  and  the  anode  lead  passed 
through  the  other.  The  cathode  rod  was  fixed  by  a  clamp  to  the 
end  of  the  anode  so  that  the  upper  end  of  the  platinum  gauze  was 
at  the  level  of  the  porous  diaphragm.  The  header  vessel  consisted 
of  a  modified  dropping  funnel  with  a  spherical  bulb  below  the  tap. 
The  diaphragm  beaker  and  the  header  vessel  were  completely 
filled  with  the  anolyte.  The  tap  of  the  header  was  slightly 
opened  to  allow  the  anolyte  to  flow  slowly  into  the  beaker  and 
set  up  a  pressure  on  the  diaphragm,  so  that  copper  ions  could  not 
penetrate  to  the  anode. 

For  the  electrolysis,  the  assembled  apparatus  together  with 
its  fixed  electrodes  was  placed  in  an  electrolytic  cell  containing 
copper  sulfate,  in  such  a  way  that  only  the  lower  end  of  the  dia¬ 
phragm  beaker  was  immersed  in  the  solution.  The  electrolysis 
was  performed  at  75"  in  all  the  experiments. 


A 


Fig.  1.  Variation  of  the  amount  of  cop¬ 
per  present  in  solution  with  the  time  of 
deposition  by  internal  electrolysis  with 
a  zinc  anode.  Copper  content  of  origi¬ 
nal  solution  (mg):  1)  238.2;  2)  118.8; 
3)  46.85. 
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Fig.  2.  Variation  of  the  amount  of  copper 
present  in  solution  with  the  time  of  deposi¬ 
tion  by  internal  electrolysis  with  an  alumi¬ 
num  anode.  Copper  content  of  original  so¬ 
lution  (mg):  1)  238.2;  2)118.8;  3)  46.85. 
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Fig.  4.  Variation  of  the  logarithm  of  the 
current  strength  with  the  time  of  deposition 
of  copper  by  internal  electrolysis  with  an 
aluminum  anode.  Copper  content  of  ori¬ 
ginal  solution  (mg):  1)  238.2;  2)  118.8; 

3)  46.85. 
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Fig.  3.  Variation  of  the  logarithm  of  the 
current  strength  with  the  time  of  deposition 
of  copper  by  internal  electrolysis  with  a 
zinc  anode.  Copper  content  of  original  so¬ 
lution  (mg):  1)  238.2;  2)  118.8;  3)  46.85. 
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Fig.  5.  Variation  of  the  amount  of  copper 
present  in  solution  with  the  time  of  deposi¬ 
tion  by  internal  electrolysis  with  a  zinc 
anode,  for  different  anolyte  concentrations. 
Copper  content  of  original  solution  118.8  mg. 
Potassium  chloride  content  of  anolyte  {%): 

1)  30;  2)  10;  3)  5. 
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For  the  polarographic  determination  of  copper,  the  capillary  tube  of  the  dropping  electrode  was  immersed 
in  the  electrolytic  cell.  It  was  connected  to  a  saturated  calomel  electrode  by  means  of  an  electrolytic  bridge 
with  sintered  glass  plates,  porosity  2,  sealed  in  its  ends,  and  an  intermediate  vessel  containing  saturated  potassium 
chloride  solution.  The  dropping  and  calomel  electrodes  were  connected  to  a  manual  polarograph  in  the  usual 
manner.  The  current  strength  was  measured  by  means  of  a  mirror  galvanometer  with  a  sensitivity  shunt.  The 
electrolytic  bridge  was  filled  with  saturated  potassium  chloride  solution  from  a  reservoir  through  a  tap  sealed  to 
the  top  of  the  bridge.  The  liquid  levels  in  the  electrolytic  cell  and  the  intermediate  vessel  were  equal,  to  pre¬ 
vent  siphoning  of  the  solutions  through  the  bridge. 

The  experiments  on  the  kinetics  of  the  liberation  of  copper  by  internal  electrolysis  were  performed  as  fol¬ 
lows.  First,  to  determine  the  diffusion  current  constant  of  the  copper  ions,  the  diffusion  current  was  measured  in 
the  original  copper  sulfate  solution  heated  to  75*.  This  was  followed  by  a  series  of  determinations  of  the  diffu¬ 
sion  current  during  electrolysis  (after  5,  10,  15,  20,  25  minutes,  etc.)  until  a  constant  residual  current  was  ob¬ 
tained,  indicating  that  the  liberation  of  copper  was  complete. 

To  avoid  polarographic  maxima,  the  diffusion  current  was  measured  at  an  increased  external  voltage  of 

0.8  V. 

The  results  of  the  current  strength  determinations  in  the  course  of  electrolysis  were  used  to  calculate  the 
corresponding  concentrations  of  copper,  with  the  aid  of  the  diffusion  current  constant  previously  determined. 

Both  zinc  and  aluminum  anodes  were  used  for  studying  the  kinetics  of  internal  electrolysis.  A  saturated 
solution  of  potassium  chloride  was  the  anolyte  in  all  cases.  The  copper  contents  of  the  solutions  (in  mg)  were: 
238.2,  118.8  ,  46.85  and  23.42.  The  initial  electrolyte  volume  was  100  ml  in  each  experiment. 

The  results  of  the  kinetic  studies  are  presented  graphically  in  the  form  of  curves  showing  the  variations  of 
copper  concentration  with  time:  for  the  zinc  anode  in  Fig.  1  and  the  aluminum  anode  in  Fig.  2. 

It  is  also  clear  from  Figs.  1  and  2  that  most  of  the  copper  (about  907o)  is  deposited  within  20  minutes,  both 
with  the  zinc  and  with  the  aluminum  anode.  The  time  required  for  the  liberation  of  the  remaining  lO^o  of 
copper  is  1.5-2  times  that  required  for  the  main  quantity.  Thus,  the  complete  liberation  of  moderate  or  large 
amounts  of  copper  requires  50-60  minutes;  for  the  liberation  of  small  amounts  of  copper  by  this  method,  30-40 
minutes  is  required. 

A  plot  of  the  logarithm  of  the  current  strength  against  time  (Figs.  3  and  4)  is  satisfactorily  linear.  It  fol¬ 
lows  that  the  current  strength,  and  therefore  the  copper  concentration,  varies  exponentially  with  time.  We  can 
therefore  write  i  =  4*  10’^^,  where  ^is  the  current  strength,  4  is  the  current  strength  before  the  start  of  elec¬ 
trolysis,  r  is  the  time,  and  k  is  a  constant. 

An  exponential  relationship  between  the  concentration  of  the  electrolytically  determined  ions  and  the  time, 
with  constant  cathode  potential,  has  been  reported  by  other  authors  [1,2]. 

The  slope  of  the  linear  plot  of  the  log  current  strength  against  the  time,  and  the  intercept  cut  off  along 
the  abscissa  axis,  readily  give  the  values  of  the  constants  ig  and  k;  these  may  be  used  to  calculate  the  theoreti¬ 
cal  current  strength  and  therefore  the  copper  concentration  at  any  instant  after  the  start  of  electrolysis;  it  is 
then  possible  to  plot  theoretical  curves  for  the  rate  of  liberation  of  copper  by  internal  electrolysis.  These  the¬ 
oretical  curves  for  all  the  cases  studied  are  shown  in  Figs.  1  and  2,  together  with  the  experimental  results  which 
are  indicated  by  individual  points.  It  is  seen  that  these  points  fit  satisfactorily  on  the  theoretical  curves. 

A  study  was  also  made  of  the  kinetics  of  internal  electrolysis,  with  a  zinc  anode  and  the  same  amount  of 
copper  but  different  anolyte  concentrations.  The  results  of  these  experiments  are  shown  in  Fig.  5.  It  is  seen 
that  the  rate  of  liberation  of  copper  in  internal  electrolysis  increases  with  the  anolyte  concentration,  probably 
because  the  ohmic  resistance  of  the  cell  decreases  with  increase  of  the  latter. 
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STEAM-GAS  ACTIVATION  OF  ANTHRACITE  IN  A  FLUIDIZED  LAYER 


K.E.  Makhorln  and  V.M.  Chertov 

One  effective  method  for  purification  of  waste  waters  from  the  aniline  dye  industry  is  by  adsorption  of  or¬ 
ganic  substances  on  active  carbon.  However,  in  view  of  the  scarcity  and  high  cost  of  carbon  adsorbents,  the  ad¬ 
sorption  method  is  not  used  at  present  for  purification  of  industrial  wastes.  This  method  should  be  widely  adopted 
when  cheap  activated  carbon  can  be  produced  [1-3]. 

The  results  of  a  study  of  the  activation  of  fine-grained  Donets  anthracite  by  steam-gas  mixture  in  a  fluid¬ 
ized  layer  are  presented  in  this  paper.  The  experiments  were  performed  with  the  aid  of  a  unit  built  at  the  Ru- 
bezhnoe  Chemical  Combine  (Fig.  1). 


Fig.  1.  Apparatus  for  activation  of  anthracite  in  a  fluidized  layer:  1)  furnace;  2)  cy¬ 
clone;  3)  scrubber;  4)  burner;  5)  feed. 


Benzene  vapor  was  burned  in  the  combustion  chamber  of  the  furnace.  The  combustion  products,  diluted 
with  steam  at  1050-1250”,  passed  through  a  grating  into  the  reactor  charged  with  anthracite.  The  amount  of 
steam -gas  mixture  was  sufficient  to  fluidize  the  layer.  The  gases  passed  from  the  furnace  into  a  cyclone,  and 
then  into  the  air  through  a  scrubber. 

The  activation  was  performed  batchwlse.  The  furnace  was  charged  with  5  kg  of  anthracite,  which  gave  a 
static  layer  of  250-300  mm.  The  height  of  the  fluidized  layer  varied  between  700  and  950  mm.  The  particle 
size  was  0.25-2.0  mm. 


•This  work  was  performed  under  the  scientific  guidance  of  V.F.  Kopytov.  A.M.  Koganovskli,  E.M.  Kaliniichuk, 
E.I.  Dikolenko,  and  V.V.  Reznichenko  took  part  in  the  investigations. 
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A 


EXPERIMENTAL 

It  was  found  in  the  course  of  the  furnace  trials  that  the  gas 
must  be  entirely  free  from  oxygen  for  the  production  of  activated 
anthracite  of  good  quality,  with  relatively  little  scorching.  With 
\-Af%  of  O2  the  scorching  of  the  anthracite  increased,  and  the 
grating  became  choked  with  fused  ash. 

The  subsequent  experiments  were  performed  in  an  oxygen - 
free  atmosphere.  This  was  ensured  by  the  combustion  of  benzene 
with  a  deficiency  of  air. 

Activation  temperature.  The  influence  of  temperature  on 
the  scorching  and  adsorption  capacity  of  the  anthracite  was  stu¬ 
died.  The  furnace  temperature  was  varied  by  variations  of  the 
relative  amounts  of  steam,  gas  and  air,  the  total  flow  rate  of  the 
activating  gas  being  kept  constant.  In  the  first  series  of  experi¬ 
ments  the  activation  time  was  1  hour  30  minutes.  The  process 
conditions  and  the  adsorption  capacities  of  the  carbons  are  given 
in  Table  1  and  Fig.  2.  The  results  show  that  scorching  increased 
from  17  to  69^  with  variation  of  the  temperature  of  the  fluidized 
layer  from  780  to  960*. 


Fig.  2.  Adsorption  isotherms  for  phenol 
and  methylene  blue  on  activated  anthra¬ 
cite,  for  different  process  temperatures. 
Activation  time  1  hour  30  minutes:  A) 
adsorption  capacity  (mg/g);  B)  equili¬ 
brium  concentration  (mg/liter);  a)  ad¬ 
sorption  of  phenol;  b)  adsorption  of 
methylene  blue.  Temperature  (*C):  1) 
780;  2)  820;  3)  845;  4)  960. 


The  adsorption  capacity  of  the  carbon  for  methylene  blue 
increased  continuously  with  increase  of  temperature,  and  was 
140  mg/g  at  960*.  The  adsorption  of  phenol  increased  to  115 
mg/g  at  820*,  and  then  fell  to  95-100  mg/g.  The  carbons  had 
low  capacity  at  low  equilibrium  concentration. 

In  the  second  series  of  experiments  the  activation  time 
was  2-2.5  hours,  and  the  temperature  in  the  layer  was  varied 
from  755  to  920*.  The  results  of  the  determinations  are  given  in 
Table  2,  and  the  adsorption  isotherms  for  the  experimental  car¬ 
bon  samples  are  plotted  in  Fig.  3. 


With  increase  of  temperature  of  the  fluidized  layer  from  755  to  920*  the  scorching  increased  from  30  to 
69^0,  and  the  capacity  of  the  carbon  for  phenol  rose  from  40  to  120-140  mg/g  at  an  equilibrium  concentration 
of  700-800  mg/liter.  The  best  quality  carbons  were  obtained  at  830-885*. 


TABLE  1 

Process  Conditions  for  Activation  Time  1  Hour  30  Minutes 


Temperature  (*C) 

•yo  Content  in  gas  of 

Scorching 

Benzene  test 

CC) 

furnace 

layer 

CO, 

11,0 

1060 

780 

11.3 

35.5 

17 

2.6 

1160 

820 

12.0 

31,5 

28 

3.7 

1140 

845 

9.0 

40.0 

46 

2.4 

1170 

885 

9.4 

41.3 

50 

2.5 

1200 

960 

8.4 

1  31.6 

69 

2.7 

Activation  time.  The  effects  of  activation  time  on  the  scorching  of  the  anthracite  and  its  capacity  for 
phenol  and  methylene  blue  were  studied. 

The  temperature  of  the  fluidized  layer  was  765-800“,  and  of  the  combustion  space,  1050-1060*.  The  acti¬ 
vation  time  was  varied  from  1  hour  30  minutes  to  4  hours  50  minutes.  The  process  conditions  and  the  adsorp- 
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Fig.  3.  Isotherms  for  the  adsorption  of  phenol  by  activated  anthracite,  for 
different  activation  temperatures.  Activation  time  2-2.5  hours:  A)  ad¬ 
sorption  capacity  (mg/g);  B)  equilibrium  concentration  (mg/liter).  Tem¬ 
perature  CO:  1)  755;  2  and  3)  775;  4)  830;  5)  860;  6)  870;  7)  880; 

8)  885;  9)  920;  10)  KAD  carbon. 


TABLE  2 

Process  Conditions  for  Activation  Time  2-2.5  Hours 


Temperature  (*C) 

%  Content  in  gas  of 

Scorching 

Benzene  test 

CC) 

furnace 

layer 

CO, 

11,0 

980 

755 

9.0 

43.9 

30 

2.5 

1120 

775 

11.2 

25.6 

24 

1.0 

1060 

775 

12.0 

32.6 

31.4 

3.0 

1140 

830 

8.8 

43.3 

40.0 

4.1 

1150 

860 

11.2 

38.1 

57.2 

4.0 

1100 

870 

9.8 

42.2 

52.5 

4.1 

1190 

880 

10.1 

32.7 

54.0 

3.0 

— 

885 

9.9 

37.8 

54.0 

3.6 

1140 

920 

11.1 

30.7 

69.0 

3.2 

tion  capacities  of  the  carbon  are  given  in  Table  3  and  Fig.  4.  where  it  is  seen  that  the  scorching  increased  from 
17  to  74%,  and  the  maximum  adsorption  of  phenol  from  50  to  140  mg/g.  The  adsorption  rate  at  low  equilibrium 
concentrations  increased  together  with  the  increase  of  maximum  capacity. 

The  optimum  activation  time  at  the  temperature  used  was  four  hours,  when  the  scorching  was  about  50% 
the  maximum  capacity  for  phenol  was  140  mg/g,  and  for  methylene  blue,  70  mg/g.  When  the  time  was  in¬ 
creased  to  4  hours  50  minutes  the  scorching  increased  to  58-74%,  and  the  adsorption  of  phenol  fell  to  100-120 
mg/g. 

In  the  experiments  detailed  in  Table  4  the  temperature  of  the  fluidized  layer  was  820-875*,  and  the  acti¬ 
vation  time  was  from  1  hour  30  minutes  to  2  hours  45  minutes.  The  optimum  time  fell  to  2-2.25  hours  with  in¬ 
crease  of  the  process  temperature  from  765-800’  to  820-875*.  The  adsorption  of  methylene  blue  was  100  mg/g, 
and  of  phenol,  110-140  mg/g,  under  these  conditions  (Fig.  5). 
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Fig.  4.  Adsorption  isotherms  of  phenol  and 
methylene  blue  on  activated  anthracite,  for 
different  activation  times.  Activation  tem¬ 
perature  765-800*:  A)  adsorption  capacity 
(mg/g);  B)  equilibrium  concentration 
(mg/liter);  a)  adsorption  of  phenol;  b)  ad¬ 
sorption  of  methylene  blue.  Time;  1)  1 
hr  30  min;  2)  2  hr  15  min;  3)  3  hr;  4)  3 
hr  25  min;  5)  4  hr;  6)  4  hr  50  min;  7)  4 
hr  50  min. 


A 


Fig.  5.  Adsorption  isotherms  of  phenol  and 
methylene  blue  on  activated  anthracite,  for 
different  activation  times.  Activation  tem¬ 
perature  820-875*:  A)  adsorption  capacity 
(mg/g);  B)  equilibrium  concentration 
(mg/liter);  a)  adsorption  of  phenol;  b)  ad¬ 
sorption  of  methylene  blue.  Time:  1)  1  hr 
30  min;  2)  1  hr  50  min;  3)  2  hr;  4)  2  hr 
15  min;  5)  2  hr  30  min;  6)  2  hr  45  min. 


TABLE  3 

Process  Conditions  for  a  Fluidized  Layer  at  765-800* 


Activation  time 

Temperature  (*C) 

%  Content  in  gas  0 

■ 

Benzene 
test  (*C) 

furnace 

layer 

CO, 

11,0 

1  hr  30  mill . 

1060 

780 

11.3 

35.5 

17 

2.6 

2  hr  15  min . 

1060 

775 

12.0 

32.6 

31.4 

3.0 

3  hr  00  min . 

1060 

770 

10.9 

35.8 

28 

3.0 

3  hr  25  min . 

1050 

775 

9.8 

44.0 

40 

3.8 

4  hr  00  min . 

1060 

770 

10.4 

40.6 

49.6 

3.5 

4  hr  50  min . 

— 

765 

8.9 

47.5 

58.0 

4.0 

4  hr  50  min . 

1050 

800 

10.0 

44.3 

74 

3.3 

Therefore,  a  steam-gas  mixture  containing  35-40^o  H2O  and  9-ll‘7o  CO2  can  be  used  for  the  production  of 
activated  anthracite  in  a  fluidized  layer,  at  layer  temperature  830-885*  and  with  activation  time  2-2.5  hours; 
the  adsorption  capacity  of  the  product,  calculated  on  the  weight  of  carbon,  is  \2-\A%  for  phenol  and  10-12^o  for 
methylene  blue.  This  carbon  is  not  inferior  in  quality  to  KAD  commercial  carbon  (Fig.  3).  Under  static  conditions 
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TABLE  4 


Process  Conditions  for  a  Fluidized  Layer  at  820-875* 


Activation  time 

Temperature  (*C) 

%  Content  In  gas  of 

■ 

Benzene  test 

rc) 

furnace 

layer 

CO, 

H,0 

1  hr  30 

min . 

1160 

820 

12.0 

31.5 

28 

3.7 

1  hr  60 

min . 

1 1 50 

825 

10.2 

41.5 

42 

4.3 

2  hr  00 

min . 

1000 

875 

8.7 

85.3 

48 

2.6 

2  hr  15 

min . 

1140 

830 

8.8 

43.3 

40 

4.1 

2  hr  80 

min . 

1100 

830 

11.0 

32.4 

63.4 

2.7 

2  hr  30 

min . 

1150 

800 

11.2 

38.1 

67.2 

4.0 

2  hr  45 

min . 

1145 

830 

9.5 

30.7 

63.0 

3.0 

the  activated  anthracite  takes  up  to  24.2^0  benzene  vapor,  calculated  on  the  weight  of  carbon;  this  corresponds 
to  a  microporosity  of  0.275  cc/g.  Its  moisture  capacity  when  boiled  in  water  is  6S.5Pfo  by  weight. 

The  suitability  of  activated  anthracite  for  purification  of  waste  waters  from  the  Rubezhnoe  Chemical  Com 
bine  was  tested  in  experimental  columns  packed  with  the  carbon,  and  in  adsorbers  with  circulating  beds.  The 
waste  waters  from  the  factory  tank  were  clarified  and  then  passed  through  the  carbon.  According  to  the  data  of 
the  Water  Laboratory  of  the  Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of  Sciences.  Ukrainian 
SSR,  the  results  were  quite  satisfactory;  the  wastes  were  decolorized  by  treatment  with  the  activated  anthracite, 
and  its  oxidizability  fell  to  90-95^0.  The  absorption  of  chlorine  and  dissolved  oxygen  did  not  exceed  the  corres¬ 
ponding  values  for  river  water.  The  effluent  was  free  from  organic  odor,  and  chlorination  did  not  result  in  the 
formation  of  odors  and  tastes  of  chlorinated  phenols  or  other  "chemicals."  Nitrophenols  were  absent  from  the 
purified  effluent,  and  the  amine  content  did  not  exceed  1  mg/liter.  The  amount  of  water  purified  by  some  sam 
pies  of  the  activated  anthracite  was  more  than  double  the  amount  purified  by  KAD  carbon  under  the  same  con¬ 
ditions. 
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CHANGES  IN  THE  INFRARED  ABSORPTION  SPECTRA 


DURING  VULCANIZATION  OF  EBONITES 

A.S.  Kuz'tninskil  and  L.V.  Borkova 
Scientific  Research  Institute  of  the  Rubber  Industry 


The  vulcanization  process  is  based  on  reactions  between  rubber  and  sulfur.  The  sulfur  bonds  formed  during 
vulcanization  join  the  molecular  chains  of  rubber  into  a  continuous  spatial  three-dimensional  network. 

Soft  vulcanizates  are  characterized  by  a  low  density  of  cross  links.  If  the  amount  of  sulfur  reacting  with 
the  rubber  is  large,  products  known  as  ebonites,  with  a  specific  range  of  properties,  are  formed. 

Whereas  there  have  been  many  investigations  performed  on  soft  vulcanizates,  the  information  of  the  vul¬ 
canization  of  ebonites  is  fragmentary  and  often  contradictory  [1-11].  For  example,  the  concept  has  become 
firmly  established  according  to  which  ebonite  is  the  product  of  maximum  saturation  of  rubber  molecules  with 
sulfur  [1-4].  Doubts  concerning  the  possibility  of  such  extensive  conversion  of  the  polymers  have  been  expressed 
in  only  a  few  papers  [9, 10]. 

Very  little  is  known  about  the  properties  of  the  bonds  forming  the  spatial  network  in  ebonites,  and  their 
influence  on  the  mechanical  and  other  properties. 

This  paper  deals  with  a  study  of  the  Infrared  absorption  spectra  of  ebonites  at  different  stages  of  vulcani¬ 
zation. 


EXPERIMENTA  L 

As  the  result  of  vulcanization,  ebonite  completely  loses  the  ability  to  dissolve  or  even  swell  in  organic 
solvents.  Because  of  this,  the  use  of  ordinary  chemical  methods  for  investigation  of  the  structural  changes  in 
rubbers  during  vulcanization  of  ebonites  becomes  very  restricted  and  in  some  cases  impossible. 

Attempts  to  use  infrared  spectroscopy  for  studies  of  the  vulcanization  of  soft  rubbers  have  not  yielded  any 
significant  results,  as  the  degree  of  conversion  of  the  rubber  in  such  cases  does  not  exceed  a  few  percent,  often 
less  than  the  error  limits  of  the  method.  However,  this  method  gives  reliable  results  and  is  therefore  very  effec¬ 
tive  in  studies  of  the  vulcanization  of  ebonites,  which  have  dense  spatial  networks. 

The  UIKS-4  Infrared  spectrometer  with  photographic  recording  was  used  for  the  investigation.  The  spectra 
were  measured  in  the  wavelength  region  corresponding  to  the  double  bonds.  The  variation  of  unsaturation  in  the 
course  of  vulcanization  was  determined  from  changes  in  the  absorption  coefficient  of  ebonite  films  at  different 
stages  of  vulcanization.  The  absorption  coefficient  k  was  calculated  by  means  of  the  Bouguer -Lambert -Beer 
equation  [12] 


1 


where  d  is  the  thickness  of  the  specimen  (cm),  c  is  the  volume  fraction  of  rubber  in  the  ebonite,  Ig  is  the  inten¬ 
sity  of  the  incident  light  (taken  as  lOOVo),  and  I  is  the  intensity  of  the  transmitted  light. 

The  unsaturation  of  the  unvulcanized  rubber  was  taken  as  lOO^o.  The  unsaturation  of  ebonite  at  different 
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Fig.  1.  Variations  of  the  infrared  spectrum 
of  SKS-30  ebonite  during  vulcanization  at 
190*.  Composition  of  ebonite  (wt.  parts): 
SKS-30,  100;  sulfur,  40.  A)  Transmission 
of  ebonite  relative  to  air  {’%)•,  B)  wave¬ 
length  (in  p).  Vulcanization  time  (hours): 
a)  unvulcanized;  b)  3;  c)  5. 


Fig.  2.  Variation  of  the  infrared  spectrum 
of  NR  ebonite  during  vulcanization  at  170*. 
Composition  of  ebonite  (wt.  parts):  natural 
rubber,  100;  sulfur,  47.  A)  Transmission 
f'^);  B)  wavelength  (in  p).  Vulcanization 
time  (hours):  a)  unvulcanized;  b)  2;  c)  4. 


stages  of  vulcanization  was  expressed  in  percentages  of  the  unsaturation  of  the  original  rubber.  The  relative 
changes  of  unsaturation  were  therefore  determined.  The  thickness  of  the  ebonite  films  was  30-70p,  and  the 
thickness  variations  did  not  exceed  2-4^.  The  film  thickness  was  measured  by  means  of  a  mechanical  micro¬ 
meter.*  The  reproducibility  of  the  results  was  in  the  range  of  10-15^o. 


The  ebonites  studied  were  based  on  butadiene -styrene  (SKS-30),  sodium  butadiene  (SKB)  and  isoprene  (NR) 
rubbers.  Most  of  the  experiments  were  with  ebonites  based  on  butadiene -styrene  rubbers.  The  infrared  spectra 
of  ebonites  vulcanized  at  different  temperatures  (150-190*)  and  containing  various  amounts  of  sulfur  (from  30  to 
50  weight  parts  per  100  parts  of  rubber)  were  studied. 


DISCUSSION  OF  RESULTS 

Considerable  changes  take  place  in  the  infrared  spectra  of  ebonite  during  vulcanization.  The  higher  the 
vulcanization  temperature,  the  more  pronounced  these  changes  are.  In  illustration.  Fig.  1  shows  the  infrared 
spectra  of  SKS-30  ebonites  vulcanized  at  190*.  The  absorption  band  at  10. 3p  corresponds  to  the  double  bonds  of 
the  principal  chain,  and  the  10.9p  band  to  double  bonds  in  the  vinyl  side  chains.  Fig.  2  shows  the  infrared  spec¬ 
tra  of  NR  ebonites  vulcanized  at  170*.  Changes  in  the  infrared  spectra  were  also  observed  in  the  course  of  vul- 


*  Ebonite  is  in  the  glassy  state,  and  therefore  does  not  undergo  deformation  during  mechanical  measurement  of 
thickness. 
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Fig.  3.  Variation  of  unsaturation  in  the  course  of 
vulcanization  of  ebonite  at  different  temperatures. 
Composition  of  ebonite  (wt.  parts):  SKS-30,  100; 
sulfur,  40.  A)  Unsaturation  of  the  ebonite  of 
rubber  unsaturation);  B)  vulcanization  time  (hours). 
Changes  of  unsaturation:  1)  at  the  double  bonds 
of  vinyl  side  chains;  II)  at  the  double  bonds  of 
the  principal  chain.  Vulcanization  temperature 
CC):  1)  IftO;  2)  170;  3)  190. 

A 


Fig.4.  Variations  of  unsaturadon  in  ebonites  with 
different  sulfur  contents,  during  vulcanization  at 
170*:  A)  unsaturadon  of  the  ebonite  of  rubber 
unsaturadon);  B)  vulcanization  time  (hours). 
Contents  of  SKS-30  and  sulfur  respectively  (in 
wt.  parts):  1)  100  and  40;  2)  100  and  50;  3)  100 
and  30.  Changes  of  unsaturadon:  I)  at  the  double 
bonds  of  the  principal  chain;  II)  at  the  double 
bonds  of  the  vinyl  side  chains. 


canization  of  SKB  ebonites.  The  variadons  of  the  unsat¬ 
uration  of  rubbers  in  the  course  of  vulcanization  of  ebon¬ 
ites  are  plotted  in  Figs.  3  and  4.  All  the  kinetic  curves 
are  based  on  infrared  data. 

Examination  of  these  results  shows  that  when  the 
sulfur  has  been  completely  combined,  irrespective  of 
its  initial  concentradon,  the  ebonite  has  a  considerable 
content  of  double  bonds.  The  lower  the  vulcanizadon 
temperature,  the  more  double  bonds  are  retained  for  a 
given  amount  of  bound  sulfur.  If  the  vulcanizadon 
temperature  is  150*,  up  to  80^  of  the  double  bonds  re¬ 
mains  in  the  rubber,  at  170*,  up  to  bOPjo,  while  at  190* 
only  10<^  of  the  double  bonds  remains.  The  double 
bonds  in  the  vinyl  side  chains  are  lost  at  a  considerably 
higher  rate  than  the  double  bonds  in  the  principal  chain. 
It  is  clear  that  no  conclusions  can  be  drawn  from  this 
concerning  the  influence  of  the  posidons  of  the  double 
bonds  in  the  rubber  molecule  on  the  reactivity. 

The  infrared  absorption  spectra  represent  the  over¬ 
all  change  in  the  unsaturadon,  as  not  only  are  double 
bonds  consumed  during  vulcanizadon  but  new  ones  are 
formed.  In  fact,  as  is  clear  from  Figs.  3  and  4,  the  un¬ 
saturadon  decreases  only  in  the  early  stages  of  vulcani¬ 
zadon,  when  free  sulfur  is  sdll  present  in  the  system. 
Further  vulcanization  leads  to  a  fairly  considerable  in¬ 
crease  in  the  unsaturation  of  the  ebonite.  The  increase 
of  unsaturadon  becomes  greater  with  increase  of  vul¬ 
canization  temperature,  and  reaches  the  considerable 
value  of  50^  at  190*. 

In  the  spectra  of  ebonites  based  on  natural  rubber 
(Fig.  2),  the  11.9;i  absorption  band,  corresponding  to 
CH, 

the  double  bonds  in  the  -CH  =  CH-  group,  disappears 
during  vulcanization,  but  a  new  absorpdon  band,  also 
characterisdc  of  double  bonds,  appears  at  10.4/i.  It 
follows  that  there  are  two  tendencies  during  vulcaniza¬ 
tion  of  ebonites  based  on  different  rubbers:  loss  of 
double  bonds,  and  formation  of  new  double  bonds. 

In  experiments  on  the  thermal  vulcanization  of 
ebonites  in  absence  of  sulfur  it  was  found  that  double 
bonds  are  not  formed.  Therefore,  an  increase  of  un¬ 
saturadon  is  specific  for  sulfur  ebonites  only.  As  is 
clear  from  Fig.  5,  the  increase  of  unsaturadon  during 
vulcanization  coincides  in  dme  with  the  decrease  of 
the  equilibrium  modulus  and  of  the  amount  of  bound 
sulfur.  Free  sulfur  does  not  appear  in  the  process.  These 
effects  are  evidently  interrelated.  The  pardal  cleavage 
of  sulfur  cross  links,  which  results  in  a  decrease  of  the 
equilibrium  modulus,  leads  to  the  formadon  of  sulfur  in 
an  active  form.  The  free  sulfur  radicals  remove  the  hy¬ 
drogen  atoms  in  the  a -position  to  the  double  bonds, 
forming  hydrogen  sulfide  and  free  radicals  in  the  rubber 
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chain.  The  free  radicals  in  the  chain  are  evidently  the 
source  of  double  bond  formation.  Thus,  the  formation 
and  disappearance  of  double  bonds  during  vulcanization 
of  ebonites  reflect  two  other  tendencies:  formation  and 
breakdown  of  sulfur  linkages  which  form  the  spatial  net¬ 
work  in  ebonites.  While  the  system  contains  free  sulfur, 
the  predominant  process  is  formation  of  cross  links  (loss 
of  unsaturation).  When  the  sulfur  has  been  consumed, 
breakdown  of  the  sulfur  "bridges"  (formation  of  double 
bonds)  becomes  the  dominant  process. 

Evidently,  the  denser  the  ebonite  network,  the 
more  "bridges"  break  down,  and  the  greater  is  the  ob¬ 
served  reversion  effect.  As  is  shown  in  Fig.  3,  the  rates 
and  limits  of  the  decrease  and  Increase  of  unsaturadon 
increase  with  temperature,  and  therefore  the  minima  on 
the  curves  are  shifted  toward  the  coordinate  origin.  It 
is  easy  to  see  that  these  changes  are  caused  by  the  in¬ 
crease  in  the  rates  of  formation  and  breakdown  of  the 
sulfur  bridges  with  increase  of  temperature.  Similar 
results  with  regard  to  the  behavior  of  sulfur  bridges  were 
found  in  the  vulcanization  of  soft  rubbers  [13],  so  that 
the  analogy  is  complete.  As  Fig.  4  shows,  the  initial 
sulfur  concentration  has  no  significant  influence  either 
on  the  rate  of  change  of  unsaturation  during  vulcaniza¬ 
tion,  or  on  the  nature  of  the  kinetic  curves.  It  must  be 
noted  that  the  solubility  of  sulfur  in  rubber  at  150-190* 
is  considerably  below  the  amounts  used  for  vulcaniza¬ 
tion  (30-50  wt.  part  per  100  of  rubber)  [14].  Some  of 

the  sulfur  is  dispersed  mechanically  in  the  rubber.  As  the  sulfur  combines  with  the  rubber,  the  solution  is  supple¬ 
mented  by  the  dispersed  sulfur.  Thus,  a  constant  sulfur  concentration  is  maintained  during  the  vulcanization,  and 
therefore  the  reaction  rate  is  independent  of  the  initial  sulfur  content. 


Fig.  5.  Variations  of  the  composition  and  struc¬ 
ture  of  ebonite  during  vulcanization  at  170*. 
Composition  of  ebonite  (wt.  parts):  SKS-30,  100; 
sulfur,  40.  A)  Amount  of  bound  sulfur  fTo);  B) 
equilibrium  modulus  of  elasticity  (kg/cm^);  C) 
unsaturation  of  the  ebonite  (%  of  rubber  unsatura¬ 
tion);  D)  vulcanization  time  (hours);  1)  change 
of  unsaturation  during  vulcanization;  2)  change 
of  equilibrium  modulus  during  vulcanization; 

3)  change  of  the  amount  of  bound  sulfur  during 
vulcanization. 


The  activation  energy  of  ebonite  vulcanization,  calculated  from  the  loss  of  unsaturation,  is  23  kcal/mole, 
whereas  the  activation  energy  for  the  vulcanization  of  soft  rubbers  reaches  30  kcal/mole.  The  lowering  of  the 
energy  barrier  may  be  caused  by  the  great  relative  significance  of  the  secondary  reactions  of  sulfur  addition  to 
sulfur  bonds  already  formed;  this  has  been  demonstrated  by  Bresler  [14].  It  is  known  that  these  reactions  proceed 
with  much  greater  ease  than  the  primary  addition  of  sulfur  to  rubber.  We  showed  with  the  aid  of  radioactive  sul¬ 
fur  that  polysulfide  bonds  are  formed  at  the  first  stages  of  ebonite  vulcanization,  and  the  number  of  sulfur  atoms 
in  a  "bridge"  may  reach  25. 


SUMMARY 

1.  The  infrared  spectra  of  ebonites  at  different  stages  of  vulcanization  were  studied,  and  it  was  shown  that 
the  changes  of  unsaturation,  the  amount  of  sulfur  bound,  and  the  density  of  the  spatial  network  formedTn  vul¬ 
canization,  as  determined  by  different  independent  methods,  are  in  good  agreement. 

2.  Ebonite  at  optimum  vulcanization  is  unsaturated.  Its  degree  of  unsaturation  increases  with  decrease  of 
vulcanization  temperature. 

3.  There  are  two  competing  tendencies  in  the  vulcanization  of  ebonite:  formation  and  loss  of  double 
bonds.  These  tendencies  are  caused  by  the  formation  and  breakdown  of  sulfur  bridges  in  the  ebonite.  The  form¬ 
ation  and  breakdown  of  sulfur  bridges  during  vulcanization  is  a  common  feature  not  only  of  ebonites  but  also  of 
soft  rubbers. 

4.  The  rate  of  loss  of  double  bonds  and  the  limiting  decrease  of  unsaturation  are  independent  of  the 
amount  of  sulfur  originally  dispersed  in  the  rubber,  as  vulcanization  proceeds  at  constant  concentration  of  dis¬ 
solved  sulfur. 
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VARNISH  FLAWS  ("BITTINESS")  IN  ALKYD  ENAMELS 
I. A.  Popova  and  R.D.  Zamyslov 

Central  Works  Laboratory,  Cheliabinsk  Paint  and  Varnish  Works,  Ministry  of  the  Chemical  Industry 


The  fault  known  as  "bittiness"  in  enamels  is  a  very  serious  defect.  This  effect  has  different  causes. 
Mechanical  impurities  (foreign  matter  or  pieces  of  badly -ground  pigment)  can  be  dealt  with  by  greater  care  in 
purification,  although  this  occasionally  involves  considerable  difficulties.  A  much  more  difficult  task  is  to  pre¬ 
vent  the  so-called  "varnish  bittiness,"  caused  by  particles  of  the  varnish  base,  which  originates  either  in  the  manu¬ 
facturing  process  or  during  storage  of  the  finished  product  for  various  times.  The  latter  is  very  characteristic  of 
of  alkyd  enamels.  There  is  no  detailed  information  in  the  literamre  on  the  nature  of  this  type  of  bittiness  or 
methods  for  its  prevention. 

In  Gurevich's  paper  [1]  the  view  is  put  forward  that  the  tendency  of  enamels  to  aggregation  is  due  to  the 
presence  of  difficultly  soluble  polymeric  components  of  the  varnish  base  in  the  system.  These  components  are 
adsorbed  on  the  pigment  surface  and  make  the  adsorption  layers  mumally  cohesive. 

A  number  of  other  sources  [2-5]  refer  to  the  heterogeneous  and  inconsistent  character  of  alkyd  bases,  which 
is  the  result  of  the  complexity  of  the  processes  used  in  their  preparation,  as  the  starting  materials  are  diverse  and 
differ  in  reactivity,  and  also  of  variations  in  the  process  conditions  and  equipment  used.  No  practical  hints  for 
the  prevention  of  bittiness  are  given. 

The  object  of  the  present  work  was  to  determine  the  nature  of  the  bittiness  of  alkyd  enamels  and  to  investi¬ 
gate  possibilities  of  its  prevention. 

Our  observations,  made  over  a  number  of  years,  on  the  condition  of  alkyd  enamels  showed  that  deteriora¬ 
tion  of  enamel  quality,  down  to  complete  unserviceability,  occurs  because  of  the  appearance  or  intensification 
of  bittiness  and  thickening:  these  two  effects  are  not  always  interrelated  in  time.  Bittiness  may  appear  after 
different  periods,  either  during  the  first  few  months  or  even  days  after  manufacture,  or  during  the  second  or  third 
year  of  storage. 

Bittiness  is  most  pronounced  in  enamels  pigmented  with  carbon  black,  azure  and  red  pigments;  in  a  num¬ 
ber  of  cases,  an  enamel,  which  was  in  itself  free  from  the  defect ,formed  a  bitty  film  on  drying. 

For  a  deeper  study  of  the  condition  of  enamels,  determinations  of  the  purity  by  standard  methods  and  visual 
evaluation  of  dried  coatings  were  accompanied  by  systematic  microscopical  examinations.  The  undiluted  ena¬ 
mel  was  smeared  in  a  thin  layer  on  a  slide.  The  specimen  was  usually  examined  by  transmitted  light,  under 
xl20  magnification,  directly  after  the  application  and  when  dry.  The  edge  of  the  bitty  rim  of  the  enamel  smear 
on  the  glass  was  sometimes  examined.  A  total  of  about  120  samples  of  different  enamels  were  investigated  in 
this  way,  immediately  after  manufacture  and  after  different  storage  times. 

When  microscope  preparations  of  bitty  enamels,  or  enamels  which  formed  a  bitty  film  after  drying, were 
examined,  in  the  great  majority  of  cases  the  field  of  view  contained,  in  addition  to  pigment  particles,  trans¬ 
parent  colorless  or  yellowish  particles  of  various  shapes,  sometimes  with  regular  faces,  around  which  the  pigment 
particles  seemed  to  cluster.  This  aggregation  of  the  pigment,  more  pronounced  at  the  particle  surface,  decreased 
with  the  distance  from  the  particle.  These  "pigment  zones"  were  especially  prominent  in  enamels  pigmented 
with  carbon  black  or  with  red  pigment.  The  particles  of  aggregation  centers  varied  greatly  in  size,  from  the 
scarcely  visible  under  the  magnification  used  to  40-60/i  along  the  greatest  length.  The  particle  sizes  were  de- 
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terminod  by  means  of  an  eyepiece  scale  calibrated  against  a  micrometer  objective.  It  proved  impossible  to  use 
the  ordinary  micrometer  method  even  with  the  very  bitty  enamels. 

Such  nonpigment  particles  were  hardly  ever  seen  in  microscope  preparations  of  clean  enamels,  which  gave 
clean  films  even  after  drying.  In  some  cases  the  particles  (aggregation  centers)  were  almost  invisible  in  fresh 
smears  but  became  numerous  and  distinct  In  dried  specimens.  Systematic  microscopical  analysis  of  enamels  af¬ 
ter  different  storage  times  generally  revealed  the  appearance,  or  an  increase  in  the  number  and  size,  of  trans¬ 
parent  nonpigment  particles  consistently  with  the  appearance  or  intensification  of  bittiness.  A  different  micro¬ 
scopic  picture  was  observed  only  in  rare  cases. 

Since  the  varnish  base  is  not  chemically  homogeneous,  it  seems  likely  that  the  transparent  particles  are 
difficultly  soluble  components  of  the  base.  To  investigate  the  thermal  stability  of  these  particles,  a  bitty  enamel 
or  an  enamel  which  formed  a  bitty  film  on  drying  was  sprayed  onto  black  iron  plates.  One  plate  was  dried  at 
room  temperature,  and  the  other  at  140-150*  for  10-15  minutes.  Generally  the  films  of  the  same  enamel  dried 
under  different  conditions  differed  in  external  appearance.  Coatings  dried  naturally  showed  the  usual  "bittiness" 
picture:  a  rough  surface  with  bumps  varying  in  height.  The  hot-dried  coatings  had  a  pitted  surface,  with  crater¬ 
like  depressions  of  different  sizes;  if  the  bittiness  of  the  naturally -dried  coating  was  fairly  fine,  the  hot-dried 
coating  was  sometimes  apparently  smooth,  without  visible  pits.  This  difference  between  the  external  appearances 
of  coatings  dried  under  different  conditions  was  observed  for  different  grades  of  alkyd  and  pentaalkyd  enamels. 

In  rare  cases,  usually  in  enamels  which  had  been  stored  a  long  time  and  had  thickened  considerably,  the  hot- 
dried  coating  was  bitty  and  without  pits,  like  the  naturally -dried  coating. 

These  tests  showed  that  the  transparent  particles,  centers  of  pigment  aggregation,  which  are  seen  under  the 
microscope  melt  at  a  fairly  high  temperature,  and  thereby  cause  pitting  of  the  coating;  they  are  insoluble  or 
relatively  less  soluble  resinous  components  of  the  alkyd  varnishes.  ^ 

An  attempt  was  made  to  Isolate  the  "bittiness"  in  the  form  of  the  particles  observed  under  the  microscope. 
This  attempt  was  successful  with  three  samples  of  production  pentaalkyd  enamels.  In  enamel  PF-61  based  on 
varnish  PFD-03  bittiness  appeared  during  the  second  year  of  storage;  enamels  PF-67  and  PF-68  based  on  PFL-03 
varnish  showed  considerable  bittiness  on  the  first  day  after  manufacture.  The  "bits"  were  separated  from  enamel 
PF-61  by  washing  with  white  spirit  on  a  sieve  of  10,000  mesh  per  cm*.  The  largest  particles  remained  on  the 
sieve.  The  bits  in  enamels  PF-67  and  PF-68  (pigmented  with  red  pigment  and  carbon  black)  were  also  separated 
by  means  of  white  spirit,  but  by  repeated  decantation  rather  than  by  sieving.  The  last  washings  were  performed 
with  aviation  gasoline,  residues  of  which  were  evaporated  off  at  room  temperature.  It  is  obvious  that  only  the 
coarsest  fraction  of  the  "bittiness"  was  isolated  by  this  method. 

When  examined  under  the  microscope,  the  bits  were  found  to  be  rounded  or  angular  "grains"  of  various 
sizes  and  shapes,  with  a  few  pigment  particles  adhering  to  them. 

Considerable  amounts  (up  to  12-15  kg)  of  enamels  were  treated  in  this  way,  to  isolate  enough  of  the  par¬ 
ticles  for  certain  analysis.  Solubility  tests  showed  that  they  are  almost  insoluble  in  ethyl  alcohol,  and  only 
slightly  soluble  in  acetone  and  benzene.  They  could  not  be  dissolved  completely  in  mixed  solvents  on  heating. 

It  was  also  found  that  the  solubility  of  the  particles,  exposed  to  air,  generally  deteriorates  witli  time.  The  acid 
and  hydroxyl  numbers  were  not  determined  because  of  the  pxjor  solubility  of  the  material  in  mixed  solvents  and 
in  acetylation  mixture.  The  saponification  number  was  determined  by  the  usual  method.  Phthalic  anhydride 
was  detected  qualitatively  by  its  liberation  on  heating,  and  estimated  quantitatively  by  the  volumetric  method. 
Glycerol  and  pentaerythritol  were  determined  quantitatively  by  the  method  used  In  the  works  laboratory,  a  com¬ 
bination  of  the  dichromate  and  periodate  methods.  The  ash  content  was  determined  by  combustion,  and  the 
composition  of  the  ash  was  found  sp)ectroscopically.  The  fatty  acids  were  isolated  by  the  usual  method  and  their 
weight  determined  after  they  had  been  dried  in  a  current  of  CO2.  During  the  analysis  they  were  separated  into 
two  fractions:  soluble  in  benzene,  and  insoluble  in  benzene  but  soluble  in  acetone  and  alcohol.  For  determina¬ 
tion  of  certain  constants  the  fatty  acids  were  isolated  separately  from  material  which  had  not  been  dried  in  air, 
and  all  the  operations  were  performed  in  an  atmosphere  of  carbon  dioxide.  The  following  constants  were  deter¬ 
mined  for  both  fatty  acid  fractions:  neutralization  number  by  titration  with  0.1  alcoholic  alkali.  Iodine  number 
by  the  Kaufmann  method,  and  the  hydroxyl  number  by  the  Verley  and  Bolsing  method. 

For  comparison,  similar  analyses  were  performed  on  varnish  bases  from  PF-67  and  PF-68  enamels,  centri¬ 
fuged  to  remove  pigments  and  some  of  the  bittiness  (Table  1). 
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TABLE  1 


Analytical  Results 


■  1 

Enamel  < 

1  Material 

studied 

Saponifi¬ 

cation 

number 

(mgKOH) 

Phthalic 

anhydride 

m 

1 - 1 

Fatty  acids  | 

Glycerol 

ilo) 

Peiitaery- 
thritol  (^o) 

Ash  (<7o) 

soluble  in 

benzene 

insoluble 

in  benzene 

m 

( 

"Bits" 

338 

30.3 

37.0 

12.0 

14.4 

4.5 

10.80 

P.'-67  { 

Varnish 

( 

base 

266 

13.6 

76.3  . 

1.6 

- 

- 

1.52 

{ 

"Bits" 

368 

30.9 

28.3 

11.5 

- 

- 

2.60 

PF-68  < 

Varnish 

1 

base 

242 

13.8 

74.3 

4.1 

- 

- 

0.41 

Qualitative  spectroscopic  analysis  of  the  ash  showed  the  presence  of  very  large  relative  amounts  of  lead  in 
all  the  samples.  The  amount  of  manganese  was  less.  Iron  and  zinc  were  also  found. 

Analytical  data  on  the  fatty  acids  isolated  from  the  bits  and  varnish  base  in  PF-67  varnish  are  given  in 
Table  2. 

TABLE  2 


Analytical  Data  on  Fatty  Acids 


Material  studied 

Solubility  in  benzene 

Neutrali¬ 

zation 

number 

(mgKOH) 

Iodine 

number 

m 

Hydroxyl 
number 
(mg  KOH) 

Consistency  at  room 
temperature 

Fatty  acids  from  "bits" 

(  Soluble 

196 

75.5 

167 

Pasty 

in  PF-67  enamel 

^  Insoluble 

215 

48.5 

240 

Solid 

Fatty  acids  from  varnish 

(  Soluble 

196 

116.5 

122 

Liquid 

base  of  PF-67  enamel 

(  Insoluble 

199 

70.0 

- 

Solid 

DISCUSSION  OF  RESULTS 

In  the  great  majority  of  cases  "bittiness"  in  alkyd  enamels  is  caused  by  acid  particles  of  the  varnish  base; 
these  react  by  their  acid  radicals  with  heavy  metals  (lead,  manganese,  iron,  zinc)  to  give  compounds  insoluble 
in  the  common  solvents.  The  formation  of  these  particles  begins  during  the  production  of  the  alkyd  varnishes 
and  continues  during  the  production  and  storage  of  the  enamels.  These  particles  also  act  as  centers  around  which 
pigment  particles  aggregate,  with  intensification  of  the  physical  nature  of  the  bittiness. 

The  particles  causing  "varnish  bittiness"  are  composed  of  alkyd  resins  with  a  high  content  of  phthalic  an¬ 
hydride.  The  fatty  acids  in  these  resins  are  characterized  by  relatively  lower  iodine  numbers  and  relatively 
higher  hydroxyl  numbers.  Therefore  these  particles  are  less  soluble  on  aliphatic  or  aromatic  hydrocarbons,  which 
form  the  constituents  of  the  solvents  used  in  the  production  of  alkyd  varnishes  and  enamels.  Their  solubility  de¬ 
creases  still  further  as  the  result  of  formation  of  heavy -metal  salts.  The  ash  content  of  the  particles  is  6-7  times 
that  of  the  base.  This  fact  indicates  that  the  catalysts  and  driers  used  in  the  production  of  alkyd  resins  and  ena¬ 
mels  favor  the  occurrence  of  varnish  bittiness. 

The  time  required  for  "ripening"  of  large  grains,  when  the  enamel  becomes  commercially  valueless,  de¬ 
pends  on  the  following  factors:  the  size  and  numbers  of  the  particles  formed  initially,  their  reactivity,  and  the 
rates  of  the  oxidation  and  polymerization  processes  occurring  during  the  production  of  the  varnish  and  enamel. 

The  formation  of  difficultly  soluble  or  insoluble  components  in  the  varnish  base  must  be  largely  attributed 
to  unfavorable  conditions  of  synthesis  of  alkyd  resins  in  fired  kettles  of  simplified  design,  resulting  in  local  over¬ 
heating  at  the  kettle  bottom  and  sides,  and  to  the  possible  easy  occurrence  of  oxidative  polymerization  processes 
which  are  not  controllable. 
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SUMMARY 


1.  "Bittiness”  in  alkyd  enamel  coatings  is  caused  by  difficultly  soluble  or  insoluble  components  of  the  var¬ 
nish  base,  of  definite  chemical  composition  which  differs  from  that  of  the  base. 

2.  The  main  cause  of  formation  of  these  bittiness  centers  lies  in  imperfections  in  the  technology  of  alkyd 
base  production,  and  especially  local  overheating. 
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EXCHANGE  PROPERTIES  OF  "LIGNIN  ACIDS 


I.V.  Skrynnik,  S.I.  Sukhanovskii  and  M.I.  Chudakov 
All-Union  Research  Institute  of  the  Hydrolysis  and  Sulfite  Alcohol  Industry 


In  the  alkaline  activation  of  hydrolytic  lignin,  a  considerable  proportion  of  it  forms  the  so-called  "lignin 
acids,"  the  sodium  salts  of  which  are  readily  soluble  in  water.  Alkaline  activation  of  hydrolytic  lignin  is  effected 
at  160-180*  in  an  aqueous  medium,  the  consumption  of  caustic  soda  being  25<7o  on  the  weight  of  the  lignin.  In 
this  case  90-95%  of  the  lignin  is  dissolved,  forming  a  complex  mixture  of  lignin  decomposition  products  and 
polysaccharide  residues  [1,  2]. 

When  this  mixture  is  acidified  with  mineral  or  organic  acids  or  carbon  dioxide,  an  amorphous  brown  pre¬ 
cipitate  of  "lignin  acids,"  with  an  enormous  adsorption  surface,  is  formed  at  pH  6. 

We  have  shown  [3]  that  "lignin  acids,"  when  added  in  excess,  enter  into  exchange  reactions  with  salts  of 
2-  and  3 -valent  metals.  These  reactions  in  general  proceed  almost  stoichiometrically;  1000  g  of  "lignin  acids" 
can  combine  with  about  3  g-equiv  of  metal. 

"Lignin  acids"  form  insoluble  salts  with  most  multivalent  metals;  these  salts 
can  usually  be  separated  from  the  solutions  without  difficulty. 

The  possibility  of  separating  metals  from  solutions  creates  potentialities  for  the 
use  of  hydrolytic  lignin  (which  has  a  low  ash  content)  in  industry  for  precipitation  of 
valuable  products  from  waste  waters,  pickling  liquors,  etc. 

Data  on  the  isolation  of  various  multivalent  metals  from  dilute  solutions  of  their 
salts  by  means  of  "lignin  acids"  are  presented  in  this  paper. 

Technical  lignin  from  the  Leningrad  hydrolysis  plant  was  used  for  the  investiga¬ 
tion. 

The  lignin  had  the  following  composition  (%);  ash  1.8,  reducing  substances  (by 
Bertrand’s  method)  0.3,  acids  calculated  as  sulfuric  0.5,  difficultly  hydrolyzable  poly¬ 
saccharides  15.0,  methoxyl  groups  10.4.  The  dry  lignin  was  ground  for  ten  minutes  in 
a  vibratory  mill  before  the  alkaline  activation.  The  alkaline  activation  was  performed 
in  an  autoclave  fitted  with  a  stirrer,  with  25%  of  caustic  soda  calculated  on  the  lignin; 
the  liquor  ratio  was  7.5,  and  the  activation  time  was  six  hours  at  180*.  The  alkaline 
solution  was  acidified  with  hydrochloric  acid  to  pH  6.3,  centrifuged  to  remove  sus¬ 
pended  particles,  and  used  to  precipitate  metals  from  0.01  N  solutions  of  their  salts. 

To  100  ml  of  metal  salt  solution,  5-10  ml  of  the  sodium  salts  of  "lignin  acids," 
containing  0.8-1  g  of  lignin  per  100  ml  (calculated  on  the  lignin  precipitated  on  acid¬ 
ification  with  hydrochloric  acid)  was  added.  The  precipitant  solution  was  added  in 
some  excess,  and  therefore  the  filtrate  after  removal  of  the  precipitate  was  always 
colored  yellow. 

To  ensure  good  coagulation  of  the  precipitate,  the  mixture  was  heated  on  a  water  bath  for  ten  minutes  at 
70*.  The  precipitate  was  then  filtered  off  and  washed  with  distilled  water  to  remove  traces  of  soluble  salts.  The 
precipitate  was  dried  and  ashed;  the  percentage  of  metal  precipitated  from  the  original  salt  solution  was  calcu¬ 
lated  from  the  weight  of  the  ash. 


A 


Fig.  1.  Effect  of 
solution  concentra¬ 
tion  on  the  amount 
of  metal  precipi¬ 
tated:  A)  relative 
amount  of  metal 
precipitated;  B) 
concentration  of 
solution  (normal¬ 
ity). 
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The  results  for  the  precipitation  of  metals  from  0.01  N  solutions  of  their  salts  are  given  below. 


Salt 

Metal  pre¬ 

Salt 

Metal  pre 

cipitated 

cipitated 

(%) 

(%) 

PbfCHjCOO), 

99.75 

NiS04 

47.00 

BdOl2 

97.30 

C3uSO^ 

40.00 

A  12(804)3 

95.40 

CaClj 

38.60 

Bi(N03)2 

69.50 

MgClj 

35.00 

FeS04 

71.00 

C0SO4 

25.00 

MnS04 

47.80 

These  results  show  that  "lignin  acids"  precipitate  lead,  aluminum  and  barium  almost  quantitatively  from 
0.01  N  solutions.  Bivalent  and  lighter  metals  are  precipitated  less  effectively. 

The  precipitation  of  calcium  from  solutions  of  the  chloride  and  acetate  was  studied  in  order  to  determine 
the  influence  of  anions  on  the  precipitation  of  cations.  The  amounts  precipitated  were  37.6  and  36. respect¬ 
ively,  so  that  the  nature  of  the  anion  has  almost  no  effect  on  the  cation  precipitation.  It  was  of  interest  to  study 

the  behavior  of  "lignin  acids"  when  the  amounts  added  are  insufficient 
for  the  double -decomposition  reaction  with  the  salt  solutions,  i.e.,  to  in¬ 
vestigate  the  possibility  of  metal  precipitation  as  the  result  of  adsorption 
effects.  For  these  experiments,  0.02,  0.04,  0.06,  0.08  and  0.1  N  solu¬ 
tions  of  manganese  sulfate  were  prepared.  Equal  amounts  of  the  sodium 
salts  of  "lignin  acids,"  known  to  be  insufficient  for  complete  precipita¬ 
tion  of  the  metal,  were  added  to  these  solutions.  It  was  found  that  the 
double -decomposition  reaction  is  accompanied  by  precipitation  of  the 
metal  by  the  action  of  adsorption  forces  on  the  precipitate  surface.  The 
precipitation  of  metals  is  more  complete  from  more  highly  concentrated 
solutions.  As  is  clear  from  Fig.  1,  the  amounts  of  metal  precipitated 
from  different  solutions  are  not  proportional  to  their  initial  concentrations. 
For  example,  nearly  20  times  as  much  manganese  was  precipitated  from 
0.1  N  manganese  sulfate  solution  as  from  0.02  N  solution. 

To  confirm  that  metals  can  be  precipitated  on  the  surface  of  free  "lignin  acids,"  experiments  were  per¬ 
formed  on  the  precipitation  of  iron  from  0.01  N  FeSO^  solutions. 

"Lignin  acids"  were  isolated  by  the  action  of  20^  hydrochloric  acid  on  the  sodium  salts  obtained  by  the 
alkaline  activation  of  hydrolytic  lignin.  The  precipitates  were  washed  with  water  and  dried  at  105*.  1-3  g  of 
the  dry  "lignin  acids"  was  added  to  100  ml  of  0.01  N  ferrous  sulfate  solution.  The  mixture  was  shaken  for  30 
minutes,  and  iheii  heated  for  30  minutes  on  the  water  bath.  The  solution  was  then  left  to  settle  for  twelve  hours, 
the  precipitate  was  separated  off,  washed,  dried  and  ashed.  An  average  of  52-54%  of  the  iron  could  be  removed 
from  the  0.01  N  solution. 

To  determine  the  influence  of  pH,  in  the  range  of  6-7.3,  on  the  degree  of  precipitation  of  the  metal,  we 
studied  the  precipitation  of  manganese  from  0.01  N  MnS04  solution.  The  results  are  given  in  Fig.  2.  It  is  seen 
that  the  greatest  amount  of  manganese  is  precipitated  at  pH  6.4. 

SUMMARY 

1.  In  a  study  of  the  exchange  properties  of  sodium  salts  of  "lignin  acids"  it  was  shown  that  they  can  be 
used  for  effective  precipitation  of  metals  from  dilute  solutions  of  their  salts. 

2.  Free  "lignin  acids”  can  also  be  used  to  precipitate  metals  from  solutions. 
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Fig.  2.  Effect  of  pH  on  the  pre¬ 
cipitation  of  metals:  A)  relative 
amounts  of  metal  precipitated; 

B)  pH  of  lignin  acids. 
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STUDY  OF  THE  EFFECT  OF  INCREASED  PRESSURE 


ON  THE  COURSE  OF  REACTIONS 
BETWEEN  SOLID  ANHYDRIDES  AND  AMINES* 

M.Kh.  Gluzman  and  D.G.  Arlozorov 


The  influence  of  elevated  pressures  on  the  course  of  reactions  between  solid  inorganic  substances  was 
studied  by  Spring  [1,  2]  and  by  Berg.  lanat’eva  and  Savitskii  [3],  who  found  a  small  increase  in  the  yield  in  reac¬ 
tions  between  salts  under  a  pressure  of  6000  atmospheres.  Budnikov  and  Berezhnoi  [4]  noted  that  the  effects  of 
pressure  should  be,  on  the  one  hand,  to  facilitate  the  reaction  by  bringing  the  reacting  particles  closer  together, 
and  on  the  other,  to  compress  the  grains  of  each  com(x>nent,  reducing  their  active  surface  with  an  adverse  effect 
on  the  reaction. 

The  influence  of  elevated  pressures  on  the  course  of  reactions  involving  organic  solids  has  not  previously 
been  studied.  We  therefore  studied  a  number  of  solid  anhydride -amine  systems  from  this  standpoint;  data  ob¬ 
tained  by  one  of  us  on  their  interaction  at  various  temperatures  without  excess  pressure  were  available  [5]. 

EXPERIMENTA  L 

A  special  unit  was  designed  for  the  experiments;  compressed  tablets  consisting  of  equimolecular  amounts 
of  amine  and  anhydride  could  be  held  in  it  under  pressure  in  isothermal  conditions.  The  substances  were  thor¬ 
oughly  ground,  sifted  through  screens  of  900  and  3600  mesh/cm*  and  subjected  to  pressures  of  up  to  1550  kg/cm* 
in  the  die  of  a  hydraulic  press  surrounded  by  a  jacket  through  which  oil  at  the  required  temperature  was  circu¬ 
lated  from  a  thermostat.  The  observations  were  made  at  temperatures  not  exceeding  the  melting  points  of  the 
low-melting  eutectics.  The  tablets  were  then  powdered  and  the  contents  of  N-arylamino  acids  determined;  the 
isotherms  were  compared  with  the  isotherms  for  the  reactions  of  the  same  systems  under  normal  pressures. 

The  following  systems  were  investigated:  1)  phthalic  anhydride  +  anthraniUc  acid;  2)  benzoic  anhydride 
+  6 -naphthylamine;  3)  benzoic  anhydride  +  p-chloroaniline;  4)  succinic  anhydride  -i-  anthraniUc  acid;  5)  suc¬ 
cinic  anhydride  +  6-naphthylamine;  6)  succinic  anhydride  +  norsulfazole. 

All  the  isotherms  determined  under  high  pressures  lie  considerably  lower  than  the  isotherms  for  the  same 
systems  under  normal  pressures. 

An  explanation  of  this  result  is  that  increase  of  pressure  usually  raises  the  melting  point  [6]  and  also  the 
melting  point  of  the  eutectic  [7];  it  was  shown  by  one  of  us  earlier  [8]  that  the  closer  the  reaction  temperature 
to  the  melting  point  of  the  eutectic,  the  better  does  a  reaction  between  solids  proceed.  Another  significant  fac¬ 
tor  is  that  the  vapor  pressure  decreases  with  Increase  of  external  pressure,  and  therefore  the  gas  phase,  which 
usually  plays  an  important  part  in  reactioas  between  solids  [9],  takes  less  part  in  the  reaction. 

In  our  opinion,  the  explanation  of  the  adverse  effect  of  pressure  on  the  course  of  reactions  involving  solids 
must  be  sought  in  these  two  causes,  since  the  contact  between  the  solid  particles  is  a  factor  of  much  less  im¬ 
portance  than  the  simultaneous  participation  of  the  vapor  and  liquid  phases. 


*  Communication  IX  in  the  series  on  reactions  involving  solid  organic  substances. 
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SUMMARY 


The  influence  of  Increased  pressures  on  the  course  of  the  acylation  of  amines  in  the  solid  phase  was  studied; 
it  was  found  that  the  yield  of  N-arylamino  acids  decreases  with  increase  of  pressure,  because  of  the  shift  of  the 
melting  points  of  the  eutectics  toward  higher  temperatures  and  the  decreased  vapor  pressure  of  the  components. 
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SULFONATION  OF  2-  AND  4  -  N I  TRO  PH  EN  A  N  T  HR  EN  EQU I  NON  E  S 


V.  I.  Sevast’ianov 

Titkov  [1]  was  the  first  to  sulfonate  unsubstituted  phenanthrenequinone  to  the  tnonosulfonic  acid  and  to  es¬ 
tablish  the  structure  of  the  phenanthrenequinone -2-sulfonic  acid  formed.  A  method  for  the  preparation  of  phen¬ 
anthrenequinone -2,7 -disulfonic  acid  is  described  in  our  preceding  communication  [2]. 

The  present  communication  deals  with  the  sulfonation  of  nitro  derivatives  of  phenanthrenequinone,  and  in 
particular  of  2-  and  4-nitrophenanthrenequinones.  Experiments  showed  that  nitrophenanthrenequinones  are  sul- 
fonated  by  15-16<7o  oleum  to  form  2-  and  4 -nitrophenanthrenequinone- 7 -sulfonic  acids.  The  presence  of  perhy- 
drol  during  the  sulfonation  of  the  nitro  isomers,  in  contrast  to  the  sulfonation  of  unsubstituted  phenanthrenequin¬ 
one,  has  no  appreciable  influence  on  the  reaction. 

The  structures  of  the  sulfonic  acids  was  confirmed  by  conversion  of  the  latter  into  dihydroxyphenylcarboxylic 
acids  by  way  of  the  amino-  and  hydroxyphenanthrenequinone -7 -sulfonic  acids.  The  following  acids  were  isolated: 
2-  and  4 -aminophenanthrenequinone -7 -sulfonic  acids,  2-  and  4 -hydroxyphenahthrenequinone -7 -sulfonic  acids, 
4,4*-dihydroxydiphenyl-2-carboxylic  acid  (Product  I),  and  2,4' -dihydroxydiphenyl-6-(or  6’) -carboxylic  acid 
(Product  II).  The  m.p.  of  Product  I  was  269.5-270*.  A  mixed  sample  with  Product  I  obtained  from  phenanthrene¬ 
quinone -2,7 -disulfonic  acid  gave  no  m.p.  depression.  Decarboxylation  of  (I)  gave  4,4' -dihydroxydiphenyl  (III) 
with  m.p.  273.5-274.5*.  This  gave  no  m.p.  depression  with  (III)  prepared  from  benzidine.  Decarboxylation  of 
(II)  gave  2,4' -dihydroxydiphenyl  (IV),  m.p.  161.3-162.5*.  This  gave  no  depression  with  (IV)  prepared  from  di- 
phenylene. 

EXPERIMENTAL 

2 -Nitrophenanthrenequinone -7 -sulfonic  acid  (potassium  salt).  A  solution  of  25.3  g  of  2-nltrophenanthrene- 
quinone  in  130  ml  of  15<yo  oleum  was  warmed  and  stirred  on  the  water  bath  until  a  sample  of  the  mass  dissolved 
completely  in  water.  The  reaction  mass  was  cooled  and  poured  into  saturated  potassium  chloride  solution.  The 
potassium  salt  of  2 -nitrophenanthrenequinone -7 -sulfonic  acid  was  filtered  off  and  washed  with  10%  potassium 
chloride  solution  and  with  water.  Pale  yellow  needles  were  obtained  after  re  crystallization  from  water.  The 
yield  was  28.5  g,  about  77%  of  the  theoretical. 

Found  %:  S  8.67,  8.56;  N  3.69,  3.78.  CuHsOtNSK.  Calculated  %:  S  8.63;  N  3.77. 

To  obtain  the  free  2-nitrophenanthrenequinone -7 -sulfonic  acid,  the  reaction  mass  was  poured  into  con¬ 
centrated  hydrochloric  acid.  The  liquid  was  filtered,  the  precipitate  was  washed  with  hydrochloric  acid,  and  re- 
crystallized  from  the  latter;  golden-yellow  prisms  of  m.p.  237-238*  were  obtained.  The  substance  is  soluble  in 
alcohol,  water,  and  acetone. 

4 -Nitrophenanthrenequinone -7 -sulfonic  acid  was  prepared  by  sulfonation  of  4 -nitrophenanthrenequinone 
under  the  same  conditions,  and  Isolated  either  in  the  free  state  or  as  the  barium  salt.  The  latter  crystallizes  from 
water  in  the  form  of  golden  yellow  plates.  The  yield  was  about  50%  of  the  theoretical. 

Found  %:  S  8.06,  8.07;  N  3.39,  3.36.  (Ci4H607NS)2Ba.  Calculated  %:  S  8.00;  N  3.49. 

Free  4-nitrophenanthrenequlnone-7-sulfonic  acid  crystallizes  from  concentrated  hydrochloric  acid  in  the 

•Communication  II  in  the  series  on  the  sulfonation  of  phenanthrenequinone -9,10. 
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nickel  crucible  on  a  sand  bath.  2  g  of  2 -hydroxyphenanthrenequinone -7 -sulfonic  acid  was  added  in  small  por¬ 
tions  to  the  mixture  at  190-200°,  stirred  with  a  metal  spatula,  the  reaction  mass  was  heated  to  315-320*  during 
30  minutes,  and  held  at  that  temperature  for  15  minutes.  The  cooled  melt  was  leached  out  with  water.  The  pre¬ 
cipitate  which  separated  after  acidification  of  the  alkaline  solution  with  hydrochloric  acid  was  filtered  off, 
washed,  and  dried.  Two  recrystallizations  from  alcohol  yielded  colorless  crystals  in  the  form  of  oval  grains.  The 
yield  was  0.95  g,  m.p.  269.5-270*.  A  mixed  sample  with  4,4' -dihydroxydiphenyl -2 -carboxylic  acid  prepared 
previously  by  the  alkaline  fusion  of  phenanthrenequinone-2,7-disulfonic  acid  gave  no  m.p.  depression.  The  sub¬ 
stance  is  soluble  in  alcohol  and  water. 

Found  C  67.70,  67.77;  H  4.31,  4.33.  C13H10O4.  Calculated  <7o:  C  67.82;  H  4.38. 

2,4'-Dihydroxydiphenyl-6(or  -6') -carboxylic  acid  was  prepared  as  described  above,  by  the  alkaline  fusion 
of  4-hydroxyphenanthrenequinone -7 -sulfonic  acid,  the  yield  being  about  70^0  of  the  theoretical.  The  position 
of  the  carboxyl  group  was  not  established. 

Found C  67.73,  67.69;  H  4.37,  4.34.  C13H10O4.  Calculated  C  67.82;  H  4.38. 

4,4* -Dihydroxydiphenyl.  A  thoroughly  ground  mixture  of  3  g  of  4,4’ -dihydroxydiphenyl-2-carboxylic  acid, 
3  g  of  calcium  hydroxide,  and  5  g  of  river  sand  was  heated  in  a  glass  tube  at  325-330*  until  deposition  of  crystals 
on  the  inner  walls  of  the  projecting  cold  part  of  the  tube  ceased.  The  tube  was  cooled  and  the  sublimate  was 
collected.  The  yield  was  0.18  g.  The  m.p.  was  273.5-274.5*  after  recrystallization  from  alcohol. 
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The  4,4'-dIhydroxydiphenyl  was  Identified  by  a  m.p.  test  on  a  mixed  sample  with  4,4*-dihydroxydiphenyl 
prepared  from  benzidine. 

2,4'-Dihydroxydiphenyl  was  prepared  by  decarboxylation,  as  described  above,  of  2,4’-dihydroxydiphenyl- 
6 -(or  -6') -carboxylic  acid.  3  g  of  the  latter  yielded  0.25  g  of  substance.  The  m.p.  after  re  crystallization  from 
alcohol  was  161.3-162.5*.  The  compound  was  identified  by  a  m.p.  test  on  a  mixed  sample  with  2,4' -dihydroxy - 
diphenyl  prepared  from  dlphenylene. 
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SYNTHESIS  OF  3  -  C  H  L  O  RO  DI  P  H  EN  Y  L  A  MIN  E 


S.V.  Zhuravlev  and  A.N.  Gritsenko 
Institute  of  Pharmacology  and  Chemotherapy,  Academy  of  Medical  Sciences  USSR 


The  high  pharmacological  activity  of  10-(y-dimethylaminopropyl)-2-chlorophenothiazine  prompted  us  to 
prepare  certain  dialkylaminoacyl  derivatives  of  2-chlorophenothiazine;  the  results  of  preliminary  pharmacolog¬ 
ical  tests  of  these  are  given  in  one  of  our  papers  [1].  We  wished  to  prepare  other  derivatives  of  2-chloropheno¬ 
thiazine,  such  as  10 -(N-methylpiperidyl-3 -methyl) -2-chlorophenothiazine,  the  analog  of  a  pharmacologically 
active  preparation  known  in  the  literature  as  pacatal,  lacumin,  etc.  [2].  This  compound  does  not  contain  a 
chlorine  atom  in  the  phenothiazine  nucleus. 

The  synthesis  of  3-chlorodiphenylamine,  which  is  the  main  intermediate  in  the  preparation  of  2-chIoro- 
phenothiazine,  is  described  in  this  paper. 

There  are  various  methods  for  the  preparation  of  3-chlorodlphenylamine.  For  example,  from  2-chloroben- 
zoic  acid  and  3 -nitroaniline.3-nitrodiphenylamino-2' -carboxylic  acid  is  prepared,  and  decarboxylated  to  give 
3-nitrodiphenylamine  [3].  The  latter  is  reduced  to  3-aminodiphenylamine  [4],  and  the  amino  group  is  replaced 
by  chlorine  to  yield  3-chlorodiphenylamlne  [5].  There  is  another  and  shorter  route  for  the  preparation  of  3- 
chlorodipheny famine  from  2-chlorobenzoic  acid  and  3-chloroaniline.  In  this  method  3-chIorodiphenylamino- 
2* -carboxylic  acid  is  prepared,  and  the  carboxyl  group  is  split  off  to  give  3-chlorodiphenylamine  [6]. 

We  have  develop)ed  another  method  for  the  preparation  of  3-chlorodlphenylamine,  comprising  the  follow¬ 
ing  reactions:  diazotization  of  3-nitroaniline  and  decomposition  of  the  diazonium  salt  in  hydrochloric  acid  so¬ 
lution  by  cuprous  chloride  to  give  3-chloronitrobenzene  [7]  which  is  reduced  by  the  Bechamp  method  to  3-chloro 
aniline  in  the  same  conditions  as  used  for  the  production  of  aniline  from  nitrobenzene  [8].  The  3-chloroaniIine 
is  acetylated,  and  3-chloroacetanilide  is  condensed  with  bromobenzene  in  {wesence  of  Ullmann  catalysts.  Sap¬ 
onification  of  3-chloro-N-acetyldiphenylamine  gives  3-chlorodiphenylamine: 
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Preliminary  experiments  showed  that  when  free  3-chloroaniline  is  treated  with  bromobenzene  in  absence 
of  nitrobenzene,  3-chlorodiphenylamine  is  not  formed.  If  the  reaction  takes  place  under  the  same  conditions 
but  in  presence  of  nitrobenzene,  3-chlorodiphenylamine  is  obtained  in  approximately  207o  yield.  Most  of  the 
reaction  mass  is  resinified  in  the  process.  Therefore  all  subsequent  investigations  were  concerned  with  the  con¬ 
ditions  of  reaction  of  acetylated  m-chloroaniline  with  bromobenzene.  The  reaction  between  3-chlotoacetanil- 
ide  and  bromobenzene  was  carried  out  under  the  conditions  described  for  the  preparation  of  3-nitrodlphenyl- 
amine  from  3-nitroaniline  and  bromobenzene  [9].  Nitrobenzene  was  used  as  the  reaction  medium  in  some  of 
the  experiments.  The  reagents  were  taken  in  the  following  proportions:  1  mole  of  m-chloroacetanilide  to  2 
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moles  of  bromobenzene  and  0.5  mole  of  calcined  potash,  and  small  amounts  of  potassium  iodide  and  copper 
bronze.  In  the  experiments  in  which  nitrobenzene  was  used  the  yields  of  3-chlorodlphenylamine  reached  45-50^. 

A  considerable  proportion  of  the  unreacted  3-chloroacetanilide  was  recovered  as  3 -chloroaniline  on  saponifica¬ 
tion.  The  total  yield  of  3-chlorodiphenylamine,  if  the  3 -chloroaniline  is  used  again>can  be  raised  to  60-65^. 

When  this  procedure  was  used,  the  temperature  of  the  reaction  mixture  was  gradually  raised  from  180  to  210* 
during  18  hours.  Lower  yields  of  3-chlorodiphenylamine  were  obtained  if  these  conditions  were  changed.  In  ex¬ 
periments  in  which  little  or  no  nitrobenzene  was  used  the  yield  of  3-chlorodiphenylamine  was  68-7&7o.  The  re¬ 
action  mixture  was  boiled  for  40-44  hours. 

EXPERIMENTAL 

3 -Chloronitrobenzene  was  prepared  by  the  method  of  Hartman  and  Brethen  [7].  138  g  (1.0  mole)  of  3- 
nitroaniline  yielded  112  g  (71<yo)  of  3 -chloronitrobenzene  of  m.p.  43.5-45*;  this  was  used  without  further  purifi¬ 
cation  for  the  preparation  of  3 -chloroaniline. 

3 -Chloroaniline.  142  g  of  iron  filings,  15  ml  of  strong  hydrochloric  acid,  and  213  ml  of  water  was  put  into 
a  three -necked  round -bottomed  flask,  1  liter  in  capacity,  fitted  with  a  mercury  seal,  a  reflux  condenser,  and  a 
powerful  stirrer.  The  mixture  was  heated  to  boiling  and  112  g  (0.71  mole)  of  3 -chloronitrobenzene  was  intro¬ 
duced  by  portions  during  1.5  hours  with  vigorous  stirring  through  a  side  neck  of  the  flask  into  the  boiling  mixture. 
The  mixture  was  boiled  and  stirred  for  three  hours  after  the  addition.  The  reaction  products  were  then  distilled 
in  steam.  The  colorless  oily  layer  which  separated  from  the  distillate  was  removed  and  distilled  under  vacuum. 
The  yield  was  70  g  (77.3*70)  of  3 -chloroaniline,  which  distilled  at  101-103*  at  8-10  mm  (literature  data,  102*  at 
10  mm  [10]). 

3 -Chloroacetanilide.  65  ml  (0.64  mole)  of  acetic  anhydride  was  added  during  ten  minutes  with  stirring  to 
70  g  (0.55  mole)  of  3 -chloroaniline.  The  hot  solution  was  stirred  for  30  minutes.  The  reaction  mass  was  then 
diluted  with  75  ml  of  water,  cooled,  and  seeded  with  3-chloroacetanilide.  The  solution  rapidly  crystallized  to 
a  dense  mass.  This  was  filtered  on  the  following  day.  The  residue  was  washed  several  times  with  ice-cold  water 
and  dried.  The  yield  was  90  g  (96.5*70)  of  3-chloroacetanilide  melting  at  71.5-73*  (literature  data,  72.5*  [11]). 

3-Chlorodiphenylamine.  a)  85  g  (0.5  mole)  of  3 -chloroacetanilide,  157  g  (1.0  mole)  of  bromobenzene, 

38.5  g  (0.28  mole)  of  anhydrous  potassium  carbonate,  0.75  g  of  potassium  iodide,  0.05  g  of  copper  bronze,  and 
325  g  of  nitrobenzene  was  put  into  a  one -liter  round -bottomed  flask  fitted  with  a  reflux  condenser  provided  with 
a  tube  containing  calcium  chloride.  The  flask  was  kept  at  about  180*  for  ten  hours.  Then  the  temperature  was 
raised  to  210*  during  eight  hours.  The  reaction  mass  was  cooled  and  the  nitrobenzene  and  excess  bromobenzene 
were  distilled  off  in  steam.  The  oily  residue  in  the  distillation  flask  was  separated  from  the  water,  mixed  with 
300  ml  of  alcohol  and  180  ml  of  strong  hydrochloric  acid,  and  boiled  under  reflux  for  three  hours.  The  reaction 
products  were  diluted  with  water.  The  oil  which  separated  out  was  removed  and  distilled  under  vacuum.  The 
yield  was  47.5  g  (46.5*70)  of  3-chlorodiphenylamine,  which  distilled  at  175-180*  at  7-8  mm  (literature  data,  b.p. 
335-336*  at  724  mm  [3],  340*  at  766  mm  [5]). 

The  acid  aqueous  solution  remaining  after  separation  of  3-chlorodiphenylamine  was  made  alkaline,  the 
oil  was  separated  off  and  distilled  under  vacuum.  This  gave  25.2  g  of  3 -chloroaniline  of  b.  p.  100-102*  at  9  mm. 
b)  90.0  g  (0.53  mole)  of  3-chloroacetanilide,  164.1  g  (1.06  mole)  of  bromobenzene,  41.3  g  (0.3  mole)  of  anhy¬ 
drous  potassium  carbonate,  0.85  g  of  potassium  iodide,  0.05  g  of  copper  bronze,  and  5  ml  of  nitrobenzene  was 
put  into  a  round -bottomed  flask  and  boiled  for  44  hours  on  an  oil  bath  under  reflux.  The  mixture  was  then  cooled, 
the  solid  residue  was  filtered  off  and  washed  with  a  small  quantity  of  dichloroethane.  The  solvent  and  excess 
bromobenzene  were  distilled  from  the  filtrate  under  vacuum.  The  oily  substance  remaining  In  the  distillation 
flask  was  boiled  for  four  hours  with  420  ml  of  ethyl  alcohol  and  200  ml  of  strong  hydrochloric  acid.  The  reac¬ 
tion  mass  was  diluted  with  water,  and  the  oil  was  separated  off  and  distilled  under  vacuum.  The  yield  was  80.5  g 
(74.57o)  of  3-chlorodiphenylamine  which  distilled  at  180-185*  at  10  mm.  A  second  distillation  yielded  71.4  g 
(66.5<7o)  of  3-chlorodiphenylamine  of  b.p.  180-182*  at  10  mm.  The  substance  boiled  at  322*  at  743  mm. 

Found  <7,;  N  6.94,  7.19.  C12H10NCI.  Calculated  <7o;  N  6.88. 
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USE  OF  ETH  YLEN  EDI  A  MIN  E  FOR  THE  SYNTHESIS 
OF  UNSATURATED  NITRO  COMPOUNDS  OF  THE  AROMATIC  SERIES 

O.M.  Lerner 


Among  the  different  methods  for  the  preparation  of  d -nitrostyrenes,  the  condensation  of  aromatic  aldehydes 
with  primary  nitro  alkanes  has  acquired  the  greatest  importance  [1,  2], 

The  condensing  agents  used  in  the  condensation  with  nitromethane  are  aqueous  or  alcoholic  solutions  of  al¬ 
kalies  and  sodium  methylate.  The  aldol -condensation  products  initially  formed  readily  lose  water  under  the  ac¬ 
tion  of  strong  mineral  acids  and  are  converted  into  unsaturated  nitro  compounds. 

Knovenagel  and  Walter  [3]  were  the  first  to  show  that  primary  aliphatic  amines  -  methylamine,  ethylamine, 
and  n-amylamine  -  catalyze  reactions  of  the  crotonaldehyde -condensation  type,  which  lead  directly  to  the  syn¬ 
thesis  of  the  compounds  in  question. 

This  discovery  not  only  simplified  the  synthesis,  but  made  it  possible  to  introduce  other  primary  nitro  paraf¬ 
fins  (nitroethane,  n- nitro  pro  pane,  pheny  Ini  trome  thane,  etc.)  into  the  reaction. 

The  range  of  aliphatic  amines  used  in  this  reaction  has  in  fact  been  extended  only  by  the  use  of  n-butyl- 
amine  [4]. 

In  a  study  of  the  condensation  of  aromatic  aldehydes  with  nitromethane  and  nitroethane  we  found  that  a 
new  effective  catalyst  for  the  Knovenagel  reaction  is  ethylenediamine;  in  many  cases  unsaturated  nitro  com¬ 
pounds  could  be  obtained  in  high  yields  with  its  use. 

The  condensation  products  could  not  be  separated  completely  owing  to  the  easy  solubility  in  the  reaction 
mixture  of  most  of  the  0 -nitrostyrenes  formed  from  aromatic  aldehydes  and  nitroethane.  It  was  found  that  the 
most  convenient  method  of  separation  and  purification  of  compounds  (VI,  VII,  IX)  is  vacuum  distillation  -  a 
method  commonly  used  in  the  synthesis  of  aliphatic  nitro  olefins,  but  not  used  extensively  for  the  aromatic  series. 
It  proved  possible  to  recover  some  of  the  unreacted  aldehyde  by  this  method.  To  avoid  additional  drying  before 
the  distillation,  calcined  sodium  sulfate  was  added  to  the  reaction  mixture  before  the  condensation.  The  pre¬ 
sence  of  a  water -abstracting  agent  in  the  condensation  process  undoubtedly  helped  to  shift  the  reaction  equili¬ 
brium  in  the  direction  of  0  -nitrostyrene  formation. 

The  appended  table  contains  our  results  obtained  with  the  use  of  ethylenediamine,  which  are  compared 
with  the  best  yields  as  reported  in  the  literature,  for  evaluation  of  the  new  catalyst. 

EXPERIMENTAL 

Preparation  of  4-methoxy-0 -nitrostyrene  (I).  A  solution  of  5  g  (0.0368  mole)  of  anisaldehyde,  2.9  g 
(0.0368  mole)  of  nitromethane,  5  ml  of  ethanol,  and  2  drops  of  ethylenediamine  was  left  to  stand  in  a  closed 
vessel  in  darkness  at  8-10*.  After  ten  days  the  nitro  olefin  was  filtered  off  and  washed  with  small  portions  of  al¬ 
cohol.  The  yield  of  (I)  was  6.4  g,  or  97.3<7o  of  the  theoretical,  m.p.  86*. 

Preparation  of  4 -dimethylamino-0 -nitrostyrene  (II).  A  mixture  of  5  g  (0.0336  mole)  of  4-dimethylamino- 
benzaldehyde,  2.05  g  (0.336  mole)  of  nitromethane,  10  ml  of  ethanol,  and  2  drops  of  ethylenediamine  was  left 
in  darkness  at  14-15".  The  ruby -red  crystals  of  the  nitro  olefin  (II)  formed  after  four  days  were  filtered  off  and 
washed  with  alcohol.  The  yield  of  (II)  was  6.2  g,  or  96.7^0  of  the  theoretical,  m.p.  184*  (from  acetone). 
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Preparation  of  4 -hydroxy-3 -methoxy-fl-nitrostyrene  (III).  A  mixture  of  5  g  (0.0329  mole)  of  vanillin.  2  g 
(0.0329  mole)  of  nitromethane,  5  ml  of  ethanol,  and  2  drops  of  ethylene  diamine  was  kept  for  a  week  in  darkness 
at  15-20*.  The  yellow  crystals  of  nitro  olefin  (III)  were  washed  with  small  portions  of  alcohol.  The  yield  of  (III) 
was  5.9  g,  or  92^  of  the  theoretical,  m.p.  164*. 

Preparation  of  4 -methyl-6 -nitrostyrene  (IV).  A  solution  of  5  g  (0.0417  mole)  of  p-toluic  aldehyde,  2.55  g 
(0.0417  mole)  of  nitromethane,  5  ml  of  ethanol,  and  2  drops  of  ethylene  diamine  was  kept  in  darkness  at  8-10*. 
After  ten  days  the  slightly  yellowish  needles  of  nitro  olefin (IV)  were  filtered  off  and  washed  with  a  small  quantity 
of  alcohol.  The  yield  of  (IV)  was  6.5  g,  or  95.7%  of  the  theoretical,  m.p.  101®. 

Preparation  of  3,4-methylenedioxy  -6 -nitrostyrene  (V).  A  mixture  of  5  g  (0.0384  mole)  of  piperonal, 

3.05  g  (0.05  mole)of  nitromethane,  10  ml  of  ethanol,  and  3  drops  of  ethylenediamine  was  kept  in  darkness  at 
8-10*.  The  condensation  was  complete  after  one  week.  The  precipitate  of  nitro  olefin  (V)  was  filtered  off  and 
washed  with  alcohol.  The  yield  of  (V)  was  6.0  g,  or  93%  of  the  theoretical,  m.p.  158*. 

Preparation  of  6 -methyl -6 -nitrostyrene  (VI).  A  mixture  of  13.9  g  (0.131  mole)  of  benzaldehyde,  11.3  g 
(0.15  mole)  of  nitroethene,  1  ml  of  ethanol,  10  g  of  calcined  sodium  sulfate,  and  5  drops  of  ethylenediamine  was 
heated  for  18-20  hours  in  a  sealed  tube  in  a  thermostat  with  periodic  shaking.  The  red  solution  was  distilled  un¬ 
der  vacuum  (produced  by  a  water-jet  pump).  The  1st  fraction,  5  g,  was  unchanged  benzaldehyde,  b.p.  60-62* 
at  10  mm;  the  2nd  fraction,  11  g,  was  nitro  olefin(VI)  b.p.  137-139®  at  10  mm,  yield  75.8%  of  the  theoretical, 
on  the  amount  converted.  A  second  distillation  gave  the  pure  substance  of  b.p.  135-136.5*  at  9  mm,  m.p.  63-64*. 

Preparation  of  4 -methoxy- 6 -methyl -8 -nitrostyrene  (VII).  A  mixture  of  15.5  g  (0.114  mole)  of  anisalde- 
hyde,  11  g  (0.147  mole)  of  nitroethane,  1  ml  of  ethanol,  7  g  of  calcined  sodium  sulfate,  and  5  drops  of  ethyl¬ 
enediamine  was  heated  in  a  sealed  tube  for  seven  hours  at  80*.  The  product  was  distilled  under  vacuum.  The 
first  fraction,  9.07  g,  was  unchanged  anisaldehyde,  b.p.  120*  at  7  mm;  the  second  fraction,  9.05  g,  was  nitro 
olefin(VII)  b.p.  167-173®  at  7  mm,  quantitative  yield  on  the  amount  reacted.  A  second  distillation  gave  the  pure 
substance  with  b.p.  176.2-178.8®  at  9  mm,  m.p.  43-44®. 

Preparation  of  4-dimethylamino-6 -methyl-6 -nitrostyrene  (VIII).  A  mixture  of  5  g  (0.0336  mole)  of  4- 
dimethylaminobenzaldehyde,  3  g  (0.04  mole)  of  nitroethane,  10  ml  of  alcohol,  and  3  drops  of  ethylenediamine 
was  heated  for  24  hours  in  a  thermostat  at  50®.  The  pale  yellow  precipitate  of  nitro  olefin(VIII)was  filtered  off 
and  washed  with  small  portions  of  alcohol;  the  yield  was  2.45  g,  m.p.  123.5-124®  (from  ethanol).  Evaporation 
of  the  mother  liquor  yielded  a  further  1.05  g  of  impure(VIII).  The  total  yield  was  3.5  g,  or  51%  of  the  theoretical. 

Preparation  of  4,6 -dimethyl- 6 -nitrostyrene  (IX).  A  mixture  of  15  g  (0.125  mole)  of  p-toluic  aldehyde, 

10  g  (0.133  mole)  of  nitroethane,  1  ml  of  ethanol,  10  g  of  calcined  sodium  sulfate,  and  5  drops  of  ethylenedi- 


amine  was  heated  for  20  hours  in  a  sealed  tube  in  a  thermostat  at  80*,  and  the  reaction  mass  was  then  distilled 
under  vacuum.  The  first  fraction,  7  g,  was  unchanged  p-toluic  aldehyde;  the  second  fraction,  10.25  g.  was  ni- 
tro  olefin(IX)  b.p.  137-143*  at  7  mm,  yield  86.6^  of  the  theoretical  on  the  amount  reacted.  A  second  distilla¬ 
tion  gave  the  pure  substance  with  b.p.  150-150.7*  at  8  mm,  m.p.  52-53*. 
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IMPROVEMENT  OF  THE  METHOD  FOR  THE  PRODUCTION  OF  OCTESTROL 


("OCTOFOLLIN") 

G.I.  Kiprianov  and  L.M.  Kutsenko 
The  Ukrainian  Institute  of  Experimental  Endocrinology,  Khar'kov 


The  first  report  of  the  high  estrogenic  activity  and  low  toxicity  of  2,4-di(p-hydroxyphenyl)-3-ethylhexane 
appeared  in  1943  [1].  The  valuable  medicinal  properties  of  this  compound  were  revealed  as  the  result  of  a  sys¬ 
tematic  study  of  the  alkyl  derivatives  of  l,3-di(p-hydroxyphenyl)propane.  The  monoalkyl  [2]  and  dialkyl  deriva¬ 
tives  [3]  of  this  compound  did  not  have  high  activity.  The  trialkyl  derivatives  of  l,3-dl(p-hydroxyphenyl)pro- 
pane  proved  more  effective;  the  highest  estrogenic  activity  among  these  was  found  in  one  of  the  four  possible 
racemic  forms  of  2,4-di(p-hydroxyphenyl)-3-ethylhexane,  which  melted  at  161-163*  (minimum  active  dose  for 
rats  0.8  y)  [4].  This  compound  is  known  abroad  under  the  names  of  "octofollin"  and  "benzestrol,"  and  in  the 
USSR  as  "octestrol." 

Only  one  method  for  the  synthesis  of  octestrol  has  been  described  [4].  The  starting  material  is  l,3-di(p- 
anisyl)-2-ethylpentanone-l  (III),  which  may  be  prepared  from  a*ethyl-p,p' -dimethoxychalcone  (I),  or  from  the 
acid  chloride  of  a-ethyl-fl-anlsylvaleric  acid  (II)  by  the  Friedel-Crafts  reaction  with  anisole  [5].  Only  one  of 
two  racemic  forms,  formed  in  equimolar  proportions,  of  the  pentanone  (III)  (m.p.  80-82*)  is  used  for  the  synthesis 
of  octestrol.  This  form  reacts  with  methylmagnesium  iodide  to  give  the  carbinol  (IV).  Dehydration  of  the  latter, 
followed  by  hydrogenation  of  the  hexene  (V)  formed  over  Raney  nickel,  gives  2,4-di(p-anisyl)-3-ethylhexane  as 
a  mixture  of  two  racemic  forms.  One  of  these  forms  (m.p.  56*),  which  is  obtained  in  yields  of  up  to  80^o  by  hy¬ 
drogenation,  yields  octestrol  (VII)  on  saponification  of  the  methoxyl  groups. 


Exact  data  on  the  yields  of  the  crystalline  racemic  form  of  (III)  and  of  pure  octestrol  are  not  given  in  the 
papers  cited  [3,4].  It  is  not  stated  whether  the  other  (liquid)  racemic  form  of  (III)  can  be  used. 

In  a  test  of  the  method  for  the  synthesis  of  octestrol  from  a -ethyl-p.p’-dimethoxychalcone  we  found  that 
the  crystalline  isomer  of  (III)  can  be  obtained  in  a  yield  of  only  31.5f^o  of  the  theoretical.  However,  the  liquid 
isomer  remaining  in  the  mother  liquor  is  readily  isomerized  into  the  crystalline  form  when  heated  with  alcoholic 
alkali,  so  that  the  yield  of  the  required  crystalline  form  can  be  raised  to  i.e.,  nearly  doubled.  The  remain¬ 
ing  stages  of  the  synthesis  gave  high  yields,  in  agreement  with  the  results  reported  by  the  foreign  authors.  If  the 
liquid  form  of  (III)  is  used,  the  yield  of  octestrol  reaches  41^0  calculated  on  the  original  a -ethyl-p.p’ -dimeth- 
oxychalcone. 

Clinical  tests  of  the  synthesized  octestrol  confirmed  that  it  is  nontoxic  and  has  high  estrogenic  activity  [6]. 

EXPERIMENTAL 

a-Ethyl-p,p' -dimethoxychalcone  (I)  was  prepared  by  condensation  of  anisaldehyde  and  p-methoxybutyro- 
phenone  in  presence  of  dry  hydrogen  chloride,  by  the  method  of  Bogert  and  Davidson  [7].  Yield  85<^,  b.p.  230- 
235*  at  4  mm. 

1.3- Dianisyl-2-ethylpentanone-l  (III).  A  solution  of  ethylmagnesium  bromide  was  prepared  from  77  g  of 
magnesium  and  383  g  (3.5  moles)  ethyl  bromide  in  1800  ml  of  dry  ether,  and  cooled  to  -10*;  to  this  a  solution 
of  317  g  (0.68  mole)  of  a -ethyl-p,p’ -dimethoxychalcone  in  800  ml  of  ether  was  added  with  vigorous  stirring, 
and  the  mixture  was  left  at  room  temperature.  On  the  next  day  the  mixture  was  poured  onto  finely  chopped  ice, 
400  ml  of  hydrochloric  acid  was  added,  the  ether  layer  was  separated  off,  and  the  aqueous  layer  was  extracted 
with  ether.  The  combined  ether  solutions  were  washed  with  5Pjo  sodium  carbonate  solution  and  water,  dried  over 
calcium  chloride,  and  the  solvent  was  evaporated  off.  The  residue  (about  300  g)  was  recrystallized  from  250  ml 

of  alcohol.  The  yield  of  the  crystalline  form  of  l,3-dianisyl-2-ethylpentanone-l  was  131  g  or  31.5%  m.p.  80-82*. 

Alcohol  was  distilled  off  from  the  mother  liquor,  and  alcoholic  caustic  potash  (36  g  in  360  ml)  was  added 
to  the  residue;  the  solution  was  boiled  for  three  hours  under  reflux.  It  was  then  diluted  with  300  ml  of  water, 
the  alcohol  was  distilled  off  under  slightly  reduced  pressure,  the  oily  isomerization  product  was  extracted  witli 
ether,  and  the  ether  solution  was  washed  with  water  and  dried  over  CaCl2.  The  ether  was  evaporated  off,  the 
residue  was  dissolved  in  alcohol  (100  ml),  and  crystallized  to  yield  a  further  89  g  {25.5pJo)  of  crystalline  (III). 

Two  further  treatments  of  the  mother  liquors  with  alcoholic  potash  gave  an  additional  34  g  of  the  crystal¬ 
line  product.  The  total  yield  of  the  crystalline  form  of  l,3-dianisyl-2-ethylpentanone-l  (m.p.  80-82*)  was 
254  g,  or  13% 

2.4- Di(p-anisyl)-3-ethylhexene-l  (V).  An  ether  solution  of  150  g  of  crystalline  l,3-dianisyl-3-ethylpen- 
tanone-1  (m.p.  80-82*)  was  added  to  a  Grignard  reagent  prepared  from  22.5  g  of  magnesium  and  150  g  of  CH3I 

in  750  ml  of  ether.  After  decomposition  of  the  Grignard  complex  and  evaporation  of  the  solvent,  the  2,4-dianisyl- 
3-ethylhexanol-l  (IV)  (about  140  g)  was  dehydrated  without  further  purification.  Two  to  three  drops  of  strong 
hydrochloric  acid  was  added  to  the  carbinol,  and  the  liquid  was  heated  under  vacuum  (40-60  mm)  at  140-150* 
until  liberation  of  water  ceased.  The  dehydration  product  was  diluted  with  400  ml  of  alcohol  and  allowed  to 
crystallize,  yielding  128  g  (8&7o  of  the  theoretical)  of  crystalline  2,4-di(p-anisyl)-3-ethylhexene-l,  m.p.  42-44* 
(the  reported  yield  [4]  was  80^0,  m.p.  44*). 

2.4- Di(p-anisyl)-3-ethylhexane  (VI).  A  solution  of  93.5  g  of  2,4-di(p-anisy4)-3-ethylhexene-l  in  850  ml 
of  alcohol  was  hydrogenated  in  an  autoclave  at  room  temperature  at  an  initial  hydrogen  pressure  of  100  atmos¬ 
pheres  over  Raney  nickel  catalyst  prepared  as  described  [8]  from  80  g  of  Raney  alloy.  The  course  of  the  hydro¬ 
genation  was  indicated  by  the  decrease  of  hydrogen  pressure;  the  process  was  completed  in  two  hours.  The  cat¬ 
alyst  was  filtered  off  and  washed  with  ether.  Evaporation  of  the  filtrate  yielded  75  g  (80^)  of  2,4-dl(p-anisyl)- 
3 -ethylhexane,  m.p.  56*. 

2.4- Di(p-hydroxyphenyl)-3-ethylhexane  (VII),  (octestrol).  73.5  g  of  2, 4-di(p-anisyl)-3 -ethylhexane,  198  g 
of  caustic  soda,  and  800  ml  of  alcohol  was  heated  in  an  autoclave  at  200*  for  18  hours.  The  alkaline  solution 
was  diluted  with  water  and  the  alcohol  was  distilled  off.  Hydrochloric  acid  was  added  to  the  residue  until  acid 
to  Congo  Red,  and  the  liberated  phenol  was  filtered  off,  dried,  and  crystallized  from  dichloroe thane  (400  ml) 
with  addition  of  activated  charcoal.  The  yield  was  55  g  (82yo)  of  2,4-di(p-hydroxyphenyl)-3 -ethylhexane,  m.p. 
160-162*  (reported  m.p.  [4],  162*). 
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SUMMARY 


It  was  found  that  the  liquid  racemic  form  of  l,3-di(p-anisyl)-2-ethylpentanone  can  be  easily  isomerized 
to  the  crystalline  form  required  for  synthesis  of  octestrol,  whereby  the  yield  of  octestrol  can  be  almost  doubled. 
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A  NEW  METHOD  FOR  THE  SYNTHESIS  OF  NITRO  KETONES 


V.V.  Perekalin  and  K.  Baler 


Nitro  ketones  are  used  with  success  as  starting  materials  for  the  synthesis  of  various  pharmaceuticals:  spas¬ 
molytics  [1],  analogs  of  qulnacrlne  [2],  adrenalin  [3],  and  Chloromycetin  [4,5],  a -Nitro  ketones  have  become 
available  owing  to  the  success  achieved  in  the  oxidation  of  a  -nitro  alcohols  [4, 6],  while  nitro  ketones  of  the  y 
series  are  readily  obtained  by  condensation  of  nitro  alkanes  with  vinyl  ketones  [7]. 

We  have  discovered  a  relatively  simple  general  method  for  the  synthesis  of  a.y-dinitro  ketones,  by  inter¬ 
action  of  unsaturated  nitro  compounds  with  a -nitro  ketones  in  organic  solvents  in  presence  of  basic  catalysts  (tri 
ethylamine). 


NO, 


02N-CH=CH  4  OHj-CO— Rj 

!l 

where  R:*— C9H5;  — CdH^OCHs  p;  — CJH4NO2 


NO2 

I 

O2N— CH2-CH-CH-CO-R1, 
R 


■pirj-_n 


-CjHr;  -CeH40CH3-p. 


Examples  of  Syntheses 

2.4- Dlnitro-l,3-dlphenylbutanone-l  (I).  One  drop  of  triethylamine  was  added  to  a  boiling  solution  of 
0.33  g  (0.002  mole)  of  a -nitroacetophenone  and  0.298  g  (0.002  mole)  of  8 -nltrostyrene  in  8  ml  of  benzene,  and 
the  mixture  was  boiled  for  five  minutes.  The  solvent  was  evaporated  off  and  the  residue  was  washed  with  meth¬ 
anol,  to  isolate  the  white  condensation  product  (I);  m.p.  106-112*  (from  n -hexane -benzene  mixture),  yield  0.44 g, 
or  75^  of  the  theoretical. 

Found  N  9.02,  9.00.  C45H]4C)5N2.  Calculated  ’’jo:  N  8.91. 

2.4 - Dinitro - 1  -phe ny  1  -3  -(4*  -nltrophenyl)  -butanone  - 1  (II).  0.33  g  (0.002  mole)  of  a -nitroacetophenone 
and  0.390  g  (0.002  mole)  of  p-,d -dinitrostyrene  in  8  ml  of  benzene,  condensed  by  the  method  described  in  Ex¬ 
ample  1,  gave  the  condensation  product  (II)  with  a  yield  of  0.72  g,  or  80. of  the  theoretical;  m.p.  (decompo¬ 
sition)  155-156*  (from  80<^  acetic  acid). 

Found  0  53.63  ,  53.54;  H  4.22,  4.04;  N  11.90,  11.90.  Ci,Hi,0,N,.  Calculated  C  53.48;  H  3.65; 

N  11.70. 

2.4 - Dinitro -1 -phenyl -3 -(2 -fury l)-butanone-l  (III).  A  mixture  of  0.495  g  (0.003  mole)  of  a -nitroaceto¬ 
phenone,  0.417  g  (0.003  mole)  of  2-furyl-nittoethylene,  and  one  drop  of  triethylamine,  in  8  ml  of  benzene,  was 
kept  for  seven  hours  at  room  temperature  and  then  boiled  for  two  minutes.  Evaporation  of  the  solvent  and  wash¬ 
ing  of  the  residue  with  methanol  yielded  0.49  g,  or  54<^  of  the  theoretical  yield,  of  the  condensation  product  (III); 
m.p.  71-75*  (from  n-hexane -benzene  mixture). 

Found  <%'.  N  9.32,  9.45.  CuHuOeN,.  Calculated  N  9.21. 

2.4- Dinitro-l -phenyl-3 -(2-thienyl)-butanone-l  (IV).  A  mixture  of  0.33  g  (0.002  mole)  of  a -nitroaceto¬ 
phenone,  0.31  g  (0.002  mole)  of  2-thienylnitroethylene,  and  one  drop  of  triethylamine  in  5  ml  of  methanol  was 
boiled  for  five  minutes. 


The  yield  of  the  condensation  {xoduct  (IV)  was  0.40  g,  or  62.5^  of  the  theoretical;  m.p.  113-115*  (from 
ethanol). 

Found '7b:  0  52.54,52.49;  H  4.36,  4.71;  N  8.78,  8.91.  CuHuOsNjS.  Calculated  0  52.16;  H4.38: 

N  8.70;  S  9.95. 

2,4-DInltro-l-(4'-methoxyphenyl)-3-phenylbutanone-l  (V).  A  mixture  of  0.298  g  (0.002  mole)  of  fl-nl- 
trostyrene,  0.390  g  (0.002  mole)  of  ui-nltroacetanlsone,  and  one  drop  of  trlethylamlne  was  boiled  In  5  ml  of 
methanol  until  the  precipitate  was  completely  dissolved.  After  the  solvent  was  evaporated  off  a  yellow  oil  sep¬ 
arated  out,  which  solidified  on  standing  and  crystallized  when  rubbed  with  a  little  methanol  to  the  white  crys¬ 
talline  condensation  product  (V);  m.p.  113-116*  (from  n -hexane -benzene  mixture).  Yield  0.41  g,  or  60“^  of  the 
theoretical. 

Found  <7b:  N  8.05,  8.14.  Cx7H^«OeN2.  Calculated  <7b:  N  7.91. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Goseneigoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEHZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nn  ZVUKSZAPIOI 

NIK  FI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.- Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci. -Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  PreSs 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  die  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Constmction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modem  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Constmction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab.- Ministry  of  Electric  Power  Plano 
Central  Offtce  of  Economic  Information 
Ural  Branch 

All-Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Meteorology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note:  Abbreviations  not  on  diis  list  and  not  explained  in  the  translation  have  been  transliterated,  no  fiirdier 
information  about  their  significance  being  available  to  us.  —  Publisher. 


METALLURGIST 

META/r/rypr 


The  Soviet  journal  of  metallurgical  research.  Includes  the 
most  recent  Soviet  research  on  all  aspects  of  metallurgy, 
from  ore  to  finished  product  and  applications.  Covers 
smelting  -  refining  -  processing  -  internal  structure  -  ap¬ 
plications  of  radioactive  isotopes. 

In  complete,  cover-to-cover,  fluent  English  translation  by 
Consultants  Bureau  scientist -translators,  specialists  in 
the  field,  acquainted  with  the  technical  terminology.  Con¬ 
tains  all  photographs,  diagrams,  and  tabular  matter  inte¬ 
gral  with  the  text. 

Published  in  12  issues  per  year.  Translation  begins  with 
1957  volume.  Issues  are  mailed  to  subscribers  upon  pub¬ 
lication. 


Annual  Subscription  f  95.00 
Single  Issue  20.00 

Single  articles  7.50 


c 

b 


CONSULTANTS  BUREAU,  INC. 

22  7  W.  17th  St.,  NEW  YORK  11,  N.  Y. 
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Chemistry  Collections 
IN  ENGLISH  TRANSLATION 

Consultants  Bureau’s  chemistry  collections,  a  unique  venture  in  the  translation -publishing  fielii. 
consist  of  articles  on  specialized  subjects,  selected  by  specialists  in  each  field,  from  Soviet  chemical 
journals  published  in  translation  by  CB.  These  collections  are  then  presented  in  symposium  form. 

Periodically  we  shall  issue  new  collections  taken  from  the  latest  volumes  ofourjournals,  not  only 
on  subjects  already  covered  but  also  on  those  which  prove  most  valuable  to  current  scientific  research. 
The  following  is  one  of  the  most  recent  additions  to  our  list  of  collections  ( information  on  forthcoming 
titles  available  on  request). 


SOVIET  RESEARCH  IN  FUSED  SALTS  (1956) 


42  papers  taken  from  the  following  Soviet  chemistry  journals,  1956: 
Soviet  Journal  of  Atomic  Energy;  Journal  of  General  Chemistry;  Journal  of 
Applied  Chemistry;  Bulletin  of  the  Academy  of  Sciences,  USSR,  Division 
of  Chemical  Sciences;  Proceedings  of  the  Academy  of  Sciences,  USSR, 
Chemistry  Section.  The  entire  collection  consists  of  one  volume,  in  two 
sections. 

I  Systems  (23  papers)  $  30.00 

II  Electrochemistry:  Aluminum  and  Magnesium,  Corrosion, 
Theoretical;  Thermodynamics;  Slags,  Mattes  ( 19  papers)  20.00 

THE  COMPLETE  COLLECTION  $  40.00 


125  papers  taken  from  the  following  Soviet  chemistry  journals,  1949-55; 
Journal  of  General  Chemistry;  Journal  of  Applied  Chemistry;  Bulletin  of  Academy 
of  Sciences,  USSR,  Div.  Chemical  Sciences;  Journal  of  Analytical  Chemistry. 
Sections  of  this  collection  may  be  purchased  separately  as  follows: 


Structure  and  Properties  ( 100  papers)  $1 10.00 

Electrochemistry  (8  papers)  20.00 

Thermodynamics  (6  papers)  15.00 

Slags  and  Mattes  (6  papers)  15.00 

General  (5  papers)  12.50 

THE  COMPLETE  COLLECTION  $150.00 


NOTE:  Individual  papers  from  each  collection  are  available  at  $7.50 
each.  Tables  of  contents  sent  upon  request. 


CB  colleclioni  ate  traniUted  by  bilingual  tcientisu,  and  include  all  photographic, 
dlagiammalic  and  tabular  material  integral  with  the  text.  Reproduction  ii  by  mul* 
tillth  ptoceu  ftom  'cold*  type;  booki  ate  staple  bound  in  durable  paper  coven. 

CONSULTANTS  BUREAU.  INC. 

227  WEST  17th  STREET.  NEW  YORK  11.  N  Y 
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